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CANNING PROBLEMS. 


If canned foods of uniform quality are to be produced, the vari- 
ous canning operations must be placed upon a sound scientific basis 
| and the methods which are employed, so far as the nature of the 
food substance will permit, must be carefully standardized. The situ- 
} ation calls for the elimination of the element of chance and the 
abandonment of “rule-of-thumb” practices. It is equally impor- 
tant that those factors which affect the cooking or processing of the 
food after the can is sealed should be thoroughly understood. To 
| throw further light upon the matter of initial temperatures and their 
| bearing upon pressures, vacuums, and temperature changes during 
| and following the processing period, the present work was under- 
| taken, and it is hoped that the data presented herewith will con- 
tribute to the solution of some of the canning problems. 


| 
| 
| 
| 
| 
| 


REVIEW OF THE LITERATURE. 


In an earlier paper the writers (8)1 presented the results of pre- - 
liminary studies upon the fundamental factors affecting temperature 


1 Serial numbers in parentheses refer to “ Literature cited” at the end of this bulletin. 
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changes in foods during canning, but a detailed consideration of the 
important influence which initial temperatures have upon the form 
of the heat-penetration curves and their bearing upon sterilization. 
processes was reserved until initial temperatures could be taken up. 
in their proper relations with exhaust, pressure, and vacuum. (a 

: | 


Since the above-mentioned paper was submitted for publication 
two further contributions have been made. The first of these, by | 
Thompson (9), enters into a discussion of the theoretical. applicatits | 
of physical laws to canning procedures. In addition to the consider- 
ation of the general phases of the subject and a study of the diffu- |) 
sivity constant “K” dealt with in his original paper, this author | 
gives valuable formulas for calculating the approximate time-tem- © 
perature curves for cans of food when processed at different retort |) 
temperatures, other factors being the same, and also for calculating | 
the curves for different sizes of cans a processed under ik | 
conditions. | 

Thompson’s study of the time-temperature curves for cooling, how- 
ever, suggests that such curves might be calculated directly from the 
heating curves, inasmuch as reversing the temperature conditions of — 
the water bath from hot to cold should result in a curve of the same — 
form as the heating curve. That this can hardly be the case with 
foods will readily be seen. The viscosity of the liquor varies with — 
the temperature. Except where heat brings about a change in the — 
colloidal substances, the heating curve is always a record of a change 
from a more to a less viscous condition, while in cooling, without ex- 
ception, the change is from a less to a more viscous condition. The — 
curves will not be the same, as in this case the final portion of the 
heating curve will be steeper than the corresponding part of the ie 
cooling curve. Furthermore, during processing permanent physical — 
changes which alter ereatly the rate of heat transfer within the — 
container commonly occur in food substances; hence, even the rough | 
approximation of the real cooling curve by calculating from the | 
heating curve would be difficult, if not impossible. While the dif- | 
ferences between the. heating and the cooling curves may be negligi- — 
ble from a practical standpoint in some cases, in others they are of 
very considerable importance. An actual experimental cooling curve 
would seem to the writers to be the safest way to determine tem- 
perature changes during cooling. 

In a more detailed ad comprehensive manner Bigelow and his 
collaborators (3) have studied the time-temperature relations of 
foods during canning. These workers, by the use of a specially con- 
structed thermoelectric apparatus, have carried on extensive investi- 
gations upon a wide variety of canned-food materials and have made 
important contributions to the knowledge upon this subject. In addi- 
tion to the consideration of both theoretical and practical matters 
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involved in work of this sort, use has been made of numerous experi- 
mental curves, tables, and formulas, which make the work of much 
value. 

Especially useful are the formulas given for calculating from a 
previously determined curve the time-temperature curves for cans 
of food having any initial temperature; for calculating curves for 
cans processed at any temperature from a curve for a can with a 
known processing temperature; and for calculating curves for a con- 
tainer of any size from an experimental curve determined for a can 
of known size. 

Few cooling curves are given. The statement is made, however, 
that the temperature will descend during the cooling operation by ex- 
actly the same curve that is followed during the processing. What 
has been said upon this matter in connection with the review of 
Thompson’s article above applies equally here. 

Since certain matters discussed in these papers bear directly upon 
the work herein reported, more detailed reference will be made to 
them from time to time in the body of this bulletin. 

The necessity of properly exhausting cans of food material either 
by short heating, by filling in the material while hot, or by mechani- 
cally removing the air in the can before the final sealing, has long 
been recognized. It was early believed that the partial vacuum thus 
formed was largely responsible for the keeping of the food. Later 
when it was found that food spoilage was due to the activities of 
microorganisms this idea was abandoned, though the practice of ex- 
hausting was continued for other reasons. More recently the work 
of Weinzirl (10) has focused attention upon the question whether 
after all the vacuum may not be largely responsible for the keeping 
of many of our canned foods. 

The relation of exhaust and vacuum to swells and springers in 
canned foods was clearly set forth by Bigelow (1) in 1914. The 
following year Bitting (4) called attention to the effect which the 
vacuum has upon the amount of dissolved tin in canned foods and 
pointed out how the action of the food material on the metal of the 
container may affect the vacuum. 

In 1916 the same author (5) entered into a more detailed consider- 
ation of the subject of exhaust and vacuum. Some of the reasons 
given for exhausting were as follows: 

(1) To draw in the ends of the cans, thus giving an index to the condition of 
the contents. 

(2) To minimize the action of the contents upon the container. 

(3) To prevent overfilling. 

(4) To prevent unnecessary strains on Gans. 

(5) To produce a desirable effect upon the product itself. 


- 
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Figures were given for the vacuum produced by heat exhaustion ~ 


in No. 24 cans sealed at different temperatures. Tables were given 
showing the effect of the fill of the can on vacuum, as well as tables 
showing the amount of vacuum with different sealing temperatures. 
The relative merits of heat exhaust and mechanical exhaust were 
discussed, the relation of exhaust and head space to erosions and per- 


Seay hice was emphasized, and other factors influencing vacuum were 


enumerated. 


In 1917 Bitting and Bitting (7) reported upon peer in: studies. 


along this line. Attention was called to the pressure developed in 
tin cans during processing, which showed very considerable diver- 


gence from the pressure calculated from physical laws. These inves- - 


tigators stated also that gases incorporated in the tissues of fruits and 
- in cold-storage products cause a decided 1 increase above bee pres- 
sure 1n processing. 

Tables showing the absolute pressure of saturated steam at various 
temperatures and also tables showing the expansion of water were 


given by Bitting and Bitting. They discussed also the pressures 


developed when cans were filled with St quantities of hot and 
of cold water. 

The possible relation of exhaust and vacuum to the black discolora- 
tion of corn was pointed out more recently by Bigelow (2). 

The material presented in these papers is rich in suggestion and 
of much practical importance. Through them the practice of ex- 
hausting is placed upon a sound scientific basis. 

In the present work the writers have found it necessary for their 
purposes to cover in an experimental way some of the same ground 
included in the above-mentioned investigations. At the points of 
contact between the work of the earlier investigators and that herein 
reported more detailed references will be made. 


NEED FOR STUDY. OF INITIAL TEMPERATURE IN ITS RELATION 
i TO PRESSURE AND VACUUM. 


The problem always before the canner is how to get the best quality 
in the finished product. In striving for the best quality many things 
are to be considered, such as selection of the best varieties, prompt 
transfer from the field to the place of canning, and proper treat- 
ment previous to filling the can. But the thing of greatest impor- 
tance is to secure the proper condition in the can so as to protect 
the food against microorganisms and at the same time develop and 
preserve the desirable flavors in the product. A thorough knowl- 
edge of conditions in the can, therefore, will facilitate the choosing 
of the best procedur : 

The chief lice factor in the can is the temperature. Proper 
temperature maintained for a length of time sufficient to prevent 
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the subsequent development of the organisms causing spoilage must 
be provided for first, but for the sake of the quality it should not be 
prolonged beyond the time essential to insure the keeping of the 
product and the safety of the food for human consumption; in other 
words, the temperature factor must be under careful control. 

Another factor greatly affecting the quality of the finished product 
is the amount of air present in the can. The presence of air may 
result in enormous strains on cans, causing leakage and loss, in the 
discoloration of the product, and in increased activity of the food 
material upon the metal of the container. In other ways also it has 
‘a direct bearing upon the quality of the product. It is evident, there- 
fore, that this factor likewise must be kept under control. This may 
be accomplished by some method of exhaust. 

Inasmuch as under present conditions the exhaust is effected pri- 
marily by the use of heat and inasmuch as the initial temperature of 
the material in the can affects the time-temperature curves, it is ap- 
parent that in determining the proper temperature and duration of 
the processing period the exhaust must be carefully considered. In 
other words, the exhausting procedure must be standardized before 
the processing temperatures can be prescribed and the processing 
periods determined. 

As is well known, exhausting may be accomplished in three ways: 
First, by filling the cans with the material, after it has been heated to 
the desired temperature, as with corn, sweet potatoes, etc.; second, 
by subjecting the cans of material to a preliminary heating before 
sealing; and, third, by mechanically removing the air, or sealing in 
a vacuum chamber. 

Whichever method is used, it is especially important that so far as 
possible uniform temperatures shall exist throughout the entire mass 
in the can and that processing shall begin at the earliest possible 
moment, preferably at once. As has been shown graphically by 
Bigelow and his collaborators (3, p. 63), unless this is the case the 
time-temperature curve at the center of the can may actually fall dur- 
ing the first part of the processing period and thus make impossible 
an accurate knowledge of the temperature changes taking place dur- 
ing the processing period. Under such conditions careful standard- 
ization is out of the question. 

With these things in mind and with a view to gaining a definite 
knowledge of the temperature changes taking place under carefully 
controlled conditions as regards the time-temperature relation in 
food materials sealed at different temperatures and the relation of 
these matters to pressures developed and vacuum obtained, the pres- 
ent work was undertaken. 
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METHODS AND APPARATUS. 
DETERMINATION OF PRESSURE. 


In the pressure and vacuum studies, preliminary experiments soon ~ 


showed that the pressure and vacuum gauges commonly used were 


of the mercury in that arm. 


_——————— SS 


ExHaust7 


Fic. 1—The manometer used in the pressure-vacuum 


tests. A, Fixed glass arm of the manometer; B, 
movable glass arm;*C, flexible rubber tube wound 
with copper wire connecting glass arms A and B; 
D, scale, graduated in centimeters or inches; E, 
flexible rubber tube wound with copper wire connect- 
ing manometer with the ecan-sealing device; F, test 
can; R, steam retort; T, thermometer; 0, zero mark 
on the graduated scale; X, mark on glass arm A 
corresponding with the zero mark on the scale D, at 
which the mercury column in A is held constant. 
The plus and minus signs on the scale indicate the 
portions of the scale above and below the zero mark, 
respectively. 
The 


too coarse and inaccu- 
rate for careful work. - 
Because of their me- 
chanical construction 
they are always open 
to the danger of be- 
coming weakened, 
which makes frequent 
standardization neces- 
sary. They also seem 
abnormally sensitive 
to barometric pressure, 


_for which corrections 


are difficult. Their use 
in this work was there- 
fore abandoned except 
in certain rough tests 
mentioned below, and- 
in their place a special 
mercury manometer 
was substituted. Fig- 
ure 1 illustrates the 
manometer. ) 
This manometer 
consists of two glass 
arms, A and B, which 
are connected be a flex- 
ible tube (C’) of rubber 
pressure tubing rein- 
forced with closely 
wound copper wire to 
minimize expansion. 
A scale D, so gradu- 
ated as to allow read- 
ings in both directions 
from 90, is so placed 
that the zero mark 
stands at x of the glass 
arm A, which repre- 
sents the constant level 


fee oe tube #, which is 


identical in structure with C, connects with an air-tight junction 
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_ glass arm A with the test can 7, located in the retort R, as 
_ described for temperature tests in United States Department of 
Agriculture Bulletin No. 956, entitled “A Study of the Factors Af- 
fecting Temperature Changes in the Container during the Canning 
of Fruit and Vegetables.” Retort temperature is controlled by the 
thermometer 7’. During the test the pressure which causes the level 
of the mercury to fall in arm A is compensated for by raising arm 
B, and the mercury in arm A is therefore maintained at the constant 
level x, corresponding to the zero graduation on scale Y. The vol- 
ume of gas in the retort side of the apparatus is kept constant and 
the pressure in centimeters or inches, as desired, read directly from 
the + portion of the scale. Similarly, the vacuum is read by lowering © 
arm 4, to compensate for the rise of mercury in A, and the vacuum 
is seach directly from the — portion of the scale. The can being at- 
tached to the cover of the small retort, the flexible tube / allows the 
prompt removal of the test can from the retort in a few seconds and 
the cooling of the can either in air or in water, as desired. 

This apparatus is very sensitive to slight changes in pressure, 
demonstrates very quickly any leaks present, and has proved 
very satisfactory. By means of this apparatus the writers have been 
able to conduct tests upon all classes of substances in various quanti- 
ties with different sizes of cans at any initial temperature and retort 
temperature desired. 


DETERMINATION OF TEMPERATURE. 


Data upon temperature changes were obtained in the same manner 
as described in United States Department of Agriculture Bulletin 
No. 956, and all temperatures, both of retort and can, were made with 
special carerally standardized mercury thoumomoters. 

In the paper previously reviewed, Bigelow and his collaborators 
object to the use of a mercury Hheanmeiee for this purpose, on the 
ground that heat is conducted down the stem to the mercury bulb. 
According to Smithsonian conductivity tables, the conductivity of 
glass and water is practically the same. It is evident, therefore, that 
the conductivity of glass is about the same or slightly less than the 
minimum for any food substance. Since, also, the distance from 
the ends of the can to the center is greater than the radius, the heat 
should reach the mercury bulb through the food from the side before 
it could be conducted down the stem of the thermometer. In the 
thermocouple used by Bigelow and his collaborators, which is in- 
serted into the can in the same way as the thermometer, the thermal 
junction is soldered to the end of a bare copper tube, which in turn 
is soldered to the end of a brass tube, the external portion of which 
during processing -is subjected to the full temperature of the retort, 
which allows of rapid conduction of heat into the can. With the 
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conductivity of copper at about 1.0, of brass at about 0.25, and of 
glass at 0.002, the chances of error from heat conduction are hun- 
dreds of times greater with this thermocouple than with the ther- 
mometer. ite 
It must be borne in mind that in experimental work with canned 
’ foods small inaccuracies are of minor importance. Because of the. 
differences in the con- 
sistency of the material, 
of difficulty in prepar- 
ing uniform packs, of 
difficulty in adjusting 
closely the retort tem- 
peratures throughout 
the entire process, and 
of other factors, it is 
practically impossible 
to check time-tempera- 
ture curves closer than 
0.5° C., and it is doubt- 
ful whether a difference 
of 0.5° C., or perhaps 
even more with mate- 
rials of this kind, is of 
any practical signifi- 
cance. 


| 


| 
: 


®) 


= ( 
‘ss 


PRACTICAL VACUUM TESTS. 


In an attempt to de- © 
termine the optimum 
temperature for sealing, | 
cans of various mate- 
rials were prepared in 
lots which were sealed 
at the temperatures of 
20° 50° 2 602-707, 80. 
90°, and 100° C., respec- 
tively. In some cases, 
instead of this proce- 
dure, the cans were ex- 
hausted for two, four, or six minutes and then sealed. In each case 
the lots were divided and one half were tested for vacuum with a 
common Young’s vacuum gauge, and the remainder were subjected 
to concussion tests to learn to what extent the vacuum affects the 
denting and collapsing of cans in ordirary handling. 


Fie. 2.—Apparatus used in the oncussion tests. 
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CONCUSSION TESTS. 


The apparatus illustrated in’ figure 2 was employed in the con- 
cussion tests. 

This apparatus consists merely of an ordinary laboratory ring- 
stand support, the standard of which is graduated in centimeters. 
The adjustable ring supports a wooden block, which is sawed 
lengthwise to allow the entrance of a fine copper wire attached to a 
weighted can. A metal pin in this block holds the wire until ready 
for release. The test can is placed on the platform at right angles, 
with the weighted can suspended above in such a way that the weight 
in falling strikes it midway between the ends. -The weight is raised 
to the desired height by adjusting the ring. The weight is prepared 
by cutting a hole in the side of an ordinary No. 2 can with both 
ends crimped on and running into it the required quantity of molten 
lead while the can is lying on its side. This, in addition to furnish- 
ing the required weight, lends rigidity to the can and prevents its 
denting. In these tests the over-all weight of the can was 635-grams, 
which corresponds closely to the weight of an ordinary No. 2 can 
of food. 

With this arrangement the can of food to be tested may be sub- 
jected to the most rigid treatment and will thus give an index to 
its relative resistance to handling when subjected to variable 


exhausts. 
CONTAINERS. 


The containers used in these tests were the standard packers’ cans. 
Because of their adaptability for ready attachment to the other 
apparatus the hole-and-cap type, with ends mechanically crimped 
on, was employed for the most part, though the cans used for the 
concussion and rough vacuum tests described later were of the 
open-top type. The great difficulty in finding cans with air-tight 
seams made it necessary in all cases where great accuracy was re- 
quired to solder all ends over the seam before making a test. In 
the canning tests covered by this and other studies during the last 
season, as high as 18 to 20 per cent of the cans have been found to 
show visible leaks at the factory ends when they were taken from 
the retort. It is to be expected that small leaks will show up when 
great pressures are developed, but certainly visible leaks should 
not appear to this extent where common canning practices are em- 
ployed, as was true in these cases. 


THEORETICAL PRESSURES AND VACUUMS. 


The development of pressure and the formation of vacuum fol- 
low the well-known physical laws for gases and saturated vapors 
with changes of temperature. A consideration of the theoretical 

70344°—22——_2 
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values as affecting canning operations is therefore important for 
the present work; and while it is not possible to calculate by 
formulas the actual results which will be obtained in practice, be-. 
cause of other variable factors, the theoretical pressures and vacuums 
falling within the range of the present experiments serve as a back- 
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1g. 4.—Experimental time-pres- 
sure curves for No. 2 cans 
containing 550 ¢. c. of dis- 
tilled water sealed at uni- 
form. temperatures and proc- 
essed for 1 hour. Curve for 
can- =sealed® As At 207 Ce: 
and processed at 100° C.; 
a, at 20° C. and processed at 
116°C. 5. a, Fath 202 SC} and 
processed at 121° C.; B, at 


0 3} 0 Ap 6 
SEALING TEMPERATURE IN DEGREES CENTIGRADE 


Fie. 3.—Theoretical maximum-pressure 
curves for a nonexpansible can con- 


taining air and sufficient water to give ~ 


saturation, when sealed at different 
uniform temperatures and processed in 
the retort at 100°, 109°, 116°, and 
121° C. Calculations are made on the 
basis of mean barometric pressure. 
Curve for can processed: A, At 100° 
CAS 2B, soled OCMC eNO rete tale 
ab Api ©: 


CHD; 


70° C. and processed at 100° 
C.; 0, at 70° €. and’ proc- 
essed at 11162 (C3 04.26) 402 
Cc. and processed at 121° C.; 
C, at 80° C. and processed 
at 100°) Ca:46, at S8027€-4and 
processed at 116° €.3 c’, at 
80° C. and processed at 121° 
G 


ground for the work and as a guide in the interpretation of the 
experimental results. 

Theoretical pressure curves. —In figure 8 are shown the theo- 
retical maximum-pressure curves for a nonexpansible can contain- 
ing air and a sufficient quantity of water to give saturation, when 
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sealed at various temperatures and processed at 100°, 109°, 116°, and 
121° C. These are calculated for the mean barometric pressure. 

These curves show how relatively great pressures are developed 
when containers are sealed at the low temperatures and bring out 
clearly the fact that when the sealing temperature is increased the 
pressures are not reduced in the same proportion, but fall off with 
increasing rapidity as the sealing temperature of 100° C. is ap- 
proached. ‘They also serve as a oeneral guide in the selection of the 
most desirable sealing tem- 
peratures. 

Relation of time to pres- 


Saas sl veal ig OLA bs roo] ai 
sure changes—The relation ere Se ee 


of time to the pressure 
changes during processing is Te 


illustrated in figure 4, which 2, eae 
shows the time-pressure pap 
curves obtained for the No. : aint olorilol se pen ALLY Vins: (| 
Se aaietiae BOQ) GC. H¢: 0 a a ble OY 
Attention is directed espe- aca ea) 
cially to the steepness of the aS ee 
curves during the first min- ee een 1a ae 
ute of the processing and to estes ds, lea Y OA wuliae aban 
the fact that the pressure ~ 
shortly reaches an_ equilib- a 
rium. The close correlation « // 
of the pressure changes and KX 77a 
time-temperature changes in Ae | Vas. (esd ssl | ka 


the ean is clearly shown. The i: TEMPERATORE, ch DEcnres CENTIGRADE 


comparison of the form of Fic. 5.—Theoretical vacuum curves for a non- 
i : h k contractile can containing air and sufficient 
these curves with the curves water to give saturation when sealed at dit- 
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PRESSURE IN INCHES OF MERCURY 


for the various food mate- ferent uniform temperatures and read at 0°, 
oer 3 L0°s 20°,. 80°, and 40° €.°: Calculations’ are 
rials shown later will be based upon mean barometric pressure. Curve 
found of much interest. for readings made: A, At 402 [CRs By ate sOR 


G20; at 20° CD) at. 10° Cin, at OeN a. 
Sharp breaks in the curves, 


as in the others which follow, show where the sudden bulging of the 
cans occurred. 

Theoretical vacuum curves—Of equal, if not of greater impor- 
tance, is the matter of vacuum obtained as the result of various can- 
ning operations. Here, again, theoretical figures serve as a back- 
ground for experimental work and furnish information of much 
practical value. Figure 5 shows the theoretical vacuum curves for 
a noncontractile receptacle containing air and saturated vapor when 
sealed at various temperatures and cooled to the uniform tempera- 
ture of 0°, 10°, 20°, 30°, and 40° C. These are calculated on the basis 
of mean barometric pressure. 
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These curves show how, as the sealing temperature is increased, 
the pressure is developed and bring out the fact that as the cooling 
temperature approaches 100° C. the vacuum increases progressively. 
They also show how the vacuum is affected by the temperature to 
which it is cooled. For example, a can sealed at 70° C. and subse- 
quently cooled to 20° C. should give a theoretical vacuum of about 
12.3 inches; if cooled to 30° C., a vacuum of about 10.9 inches; or if 
cooled to 0° C., a vacuum of 14.3 inches. They likewise illustrate 
how cans of food having a low vacuum, although sound and health- 
ful, may, when stored in warm places or shipped to hot climates, 
show no vacuum at all, or possibly in some cases even develop spring- 
ers. For instance, a can of food which at 10° C. showed approxi- 
mately 3 inches of vacuum when held at 30° C. would have no vacuum 
at all. Similarly, though of less importance, it shows how cans 
having relatively high vacuums would suffer more in shipment and 
handling in low temperatures, due to the denting or collapsing of 
the cans. One may, therefore, gain from these curves an idea of the 
approximate vacuums to be expected under- conditions within the 
range of canning operations. 


EXPERIMENTS WITH DISTILLED ‘WATER FOR COMPARISON. 


As is well known in canning, theoretical values are practically 
never obtained because numerous variable factors enter in which in- 
fluence practical results. In order to discover what and how great 
these variable factors are, to learn how closely the theoretical and the 
practical results agree, and to obtain information which would serve 
as a base line for the comparison of various food materials when 
canned in different ways, preliminary pressure and vacuum experi- 
ments were made with water, using No. 2 and No. 3 tin cans. The 
experiments were conducted as ieee The test cans were prepared 
by carefully soldering all seams and joints to insure against leakage: 
the required quantity of water was measured in; the can was placed 
in the retort in the manner illustrated and held under carefully con- 
trolled conditions until both can and contents came to the desired 
uniform temperature throughout; the can was then sealed. The 
barometric reading at the time of sealing was noted and the pressure 
determinations immediately performed. In this way tests were made 
using various quantities of water, sealed at different temperatures, 
and processed in the retort at 100°, 109°, 116°, and 121° C. 


PRESSURE STUDIES. 


Pressure readings obtained in tests—Table 1 gives the resulis of 
maximum-pressure tests upon No. 3 cans with 100 c. c. and with 950 
¢. c. of water. 
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TABLE 1.—Maxvimum-pressure tests with No. 8 tin cans containing 100 ¢. c. and 
950 c. c. of distilled water. 


Cis aa 100 c. c. water. | 950 c. c. water. BD 100 c. ec. water. | 950 ce. c. water. 
ale 
Pres- Pres- | Pres- s Pres- 
: Proc- | Barom-|sure per| Barom-| sure per |} «,.};,, | Proc- |Barom- sure per} Barom-|sure per 
Sealing. essing.| eter. |Square| eter. | Square || Sealing. essing.| eter. | square} eter. | Square 
inch. | inch. | inch. inch. 
pinata abe cf ceame | i (aco 
| Lbs. Lbs. || Lbs Lbs. 
100 29. 92 17. 06 30.18 14. 60 | 100 30. 05 10. 67 30.18 9. 88 
109 29. 92 2.70 | 30.18 20. 25 | 70 109 30. 05 16, 26 30. 18 15. 49 
20......- ihe 06 2aO2 28. 23] S018 | ~ 25.40°|/' “o-oo 116 | 30.05 | 21.78] 30.18] 20.74 
121 29.92 | 32.89 30.18 29. 52 121 30. 05 26. 26 30. 18 24. 91 
100} 30.08 | 13.87) 30.15 10. 99 ( 100] 29.95 7.97 | 30.16 7.30 
50 109 | 30.08} 19.51) 30.15 16. 36 | 80 1O9N 295951) 13:37 || 30,16 12.70 
ce eta 116 | 30.08} 25.10] 30.15 21. 44 pears 116} 29.95) 18.95] 30.16 17. 64 
121} 30.08} 29.60; 30.15 25. 02 121 | 29.95) 23.50 | 30.16 21. 66 
CR isso n| el AO | oe. m wralni| cnecete sis 100 | 29.92 4.66 | 30.05 4.41 
60 LOOK) oO sdile (wr Bs O4:,)) Fe ces lenis aa 90 109 | 29.92; 10.12] 30.05 9. 51 
ade es LUGE | Mereilenile pee OO! |e 0 (coc | eclo accel AS Men 116 | 29.92 | 15.46] 30.05 14. 36 
AZ Ne SOLU | Meese lON eo ee cele sacieeee 121 | 29,92 | 20.06 | 30.05 17.79 


Too much importance, of course, should not be attached to one set 
of figures, as results with individual cans vary somewhat, but the 
outstanding features shown here have been confirmed by repeated 
experiments, and the figures presented closely approach the average. 

Leading facts disclosed—F¥rom all these tests the following facts 
seem clear: 

(1) With water the pressures developed are always below the 
theoretical (that with some food materials this does not hold in all 
cases will be shown later). 

(2) The higher the retort temperature, the greater the variation 
from the theoretical pressures. 

(3) The higher the initial temperature, the nearer to the theoreti- 
cal does the pressure come. 

(4) The larger cans show a somewhat greater divergence from the 
theoretical values than the smaller. 

(5) With water, the smaller the head space the less the experi- 
mental pressures obtained. The fact that with water the smaller the 
head space the less the experimental pressures obtained is likewise 
borne out by experiments with No. 2 cans, using 50 and 550 ¢. ¢. of 
water, the tabulation of the results of which is omitted for lack of 
space. 

Influence of head space-——With cans entirely filled and sealed at 
any temperature below 100° C. the experimental pressures have been 
found less than where a head space was allowed. This is explained, 
of course, by the fact that under these conditions the prime factors 
operating are vapor pressure and expansion of the water, whereas 
when a head space is allowed the air pressure also contributes to the 
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final result. This finding is entirely at variance with the statement 
of Bitting and Bitting (7, p. 27) that when the container is en- 
tirely filled the pressure is greatly increased. 

The explanation of the decrease of maximum pressure with devemee 
of head space is found by a glance at the tables on the distortion of 
cans and the expansion of water and the theoretical curves of figure 3. 
= comparison of the expansion of water with the cubical expansion 
of the can (Tables 1 and 2) it will be seen that the distortion of the 
can under pressure is always greater than the expansion of water, 
which results in the creation of a greater head space. Consequently, 
the ratio between the head space and the distortion of the can is 
greater the smaller the head space, and therefore with decrease in 
head space a slight decrease in maximum pressure is to be expected. 
The greater distortion of the larger can accounts for the eee 
variation from the theoretical. 

Distortion of can and increase in volume.—Every change in pres- 
sure causes more or less distortion of the can, which alters its cubical 
contents. How great this distortion actually is is shown by Table 2 
which gives the experimental findings on the increase in volume in 
No. 2 and No. 3 tin cans when subjected to various internal pres- 
sures. These figures present the averages of a number of tests. | 


TABLE 2.—Increase in volume of No. 2 and No. 3 tin cans as the-result of dis- 
tortion caused by internal pressures. 


|! 


Increase in volume : gee in volume 
ese pe 
Pressure per square inch in|__——(—C—CCCC || Pressure per square inch in 
can. can. 

No. 2 No.3 || No. 2 No.3 

cans cans. | cans cans 
24 POHNGS 22 os5- 223 ae see 5.4 28.3.|| 20 pounds220 se Seer ieee 26.5 65.6 
5 pouUndSasess = ee ee ee 42.1 Sie dell ZopOunGS. eases ee peas 31.2 76.9 
10 pounds23 2.5 tes 18.0 46.0 1) S0(pounds2 222) 3-2 G25 sie & Obrip | ee 
WopOUNGS = sce sarees cee neces 22.6 54.6 | 

; i 


It will be seen that within the range of canning operations the 
cubical content of cans may be increased up to. 5 per cent or more, 
depending somewhat upon the size and strength of the individual 
cans used. 

The increase in volume due to distortion of the can-explains the 
decrease in pressure, and since this distortion increases with the 
higher temperatures greater variations from the theoretical must take 
place. Inasmuch ‘as sealing at the higher temperatures causes less 
strain on the can and consequently less distortion when subsequently 
processed, the theoretical values are more closely approached. 
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Of less importance also is the influence of the linear expansion of 
the metal of the can, due to the rise in temperature. 

Another fact of much importance in connection with all pressure 
and vacuum tests is that individual cans vary considerably in their 
resistance to pressure, whether internal or external. This fact 
accounts in part for some of the irregularities in the experimental 
data presented. 

Expansion of water—The expansion of the water due to the rise 
in temperature likewise has some effect upon the pressure developed. 
This, while unimportant where the quantity of water is small, may 
have a considerable influence where the head space is reduced to a 
minimum, as decreasing the volume of gas in the head space by one- 
half through expansion of the water after sealing theoretically 
doubles the pressure developed by the expansion of the inclosed air. 

In Table 1 no corrections have been made for this expansion. The 
tendency, however, is always to increase the variations between the 
experimental and the theoretical figures. 

Table 3, which has been taken from the work of standard authori- 
ties (see Smithsonian Physical Tables, Fowle, 7th revised edition, 
1920, p. 120; also Kent’s Mech. Eng. Pocketbook, 9th edition, 1916, 
p. 716), shows the increase in volume of a unit quantity of water 
when passing through the range of temperature with which the pres- 
ent work is concerned. 


Taste 3.—Volume of water at different temperatures. 
[The mass of 1 cubic centimeter at 4° C. is taken as unity.] 
Temperature (°C.).| Volume. || Temperature(°C.).| Volume. || Temperature (°C.). Volume. 


hd oa Ope ee? STUDS am el Oe ae ra PEGOTOON Res cos sl ae 1. 03237 
ig 2S A aoe ARR 45 ne te cece cues HEGUORS OO nt sc eee 1. 03590 
OE Ree SoM kT A a TUTTE RG EGE eee Re iat Ae AB OLZOT EOS bace ee ee 1. 03955 
10. ci Se 2 th AE DOO ZTE WS ao os SS on Sako A OL44 8" bl phOOzss lias oe se. 1. 04343 
Siem ys ey ae AE QOOST. 16020. So. esos. ck ote F-01705 | 1108.) ee 1.0515 
Ap wai ae ASOOE TONGS eee etok gt OE 1, 01979) 5.5 Oe See 1. 0560 
725 12 i ie aan ia Pe ODRE SALON. etn <2 enor ce PO2Z70|| 121.1 st eee 1. 0661 
Scag jah ee eae To, Ses | a cr 1. 02576 

iin Ri the sa. GOTT ESOS cs ee 1. 02899 


Table 4, which is based upon the foregoing, shows the actual in- 
crease in volume of water in No. 2 and No. 3 tin cans when sealed 
at various temperatures and processed at 100°, 110° 115.5°, and 121.1° 
C., the initial velume of the water in the No. 2 can being taken as 
550 c. c. and in the No.3 as 950 c.c. The figures are self-explanatory. 
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TABLE 4.—IJncrease in the volume of water in No. 2 and No. 3 tin cans when 
processed at different temperatures, the initial volume in No. 2 cans aa 30 
c.c. and in No. 3 cans, 950 ¢. &. 


[Based on Smithsonian tables.] 


NWewmwW WONN OWOH 
\ 


° | Volume (c. ¢.). 
Temperatures (° C.). 
No. 2 cans. No. 3 cans. 
a 
Sealing. | rae Total. | Increase. | Total. “Inerease. 

| | | 
fy 100 | 5728] 228] 999.4] 29. 
= 1) p 110°) | bel 27 2 oe 47, 
Fa oe 9 = OS ) 115.5) 579.7 29.7 | 1,001.3 | 51. 
A Whi) 585.3) 35.3) 1010.9 | 60. 
100 561.1/ 11.1] 969.2] 19, 
Ss 110 565.4| 15.4| 976.7 | 26. 
pevtsiea fo ker grist oa + iy manatee wear enc oRe 115.5 | — 567.9 17.4| 984.9 | 34, 
|Reeb Tee raw gp 23.3 | 990.3 | 40. 
| 100 557.7 | 7.7| 963.3 | 13. 
Fe e910, |. 62 Oe a OP SG 20. 
ee ee ee ) 115.5| 5644] 444] 99749]. Oe 
| 121.1] 569.8, 19.8] 984.2 | 34. 

j J 1 


Relation of barometric pressure.—A. factor of considerable impor- 
tance concerned with vacuum in cans is the barometric pressure, 
especially as related to differences in altitude. Table 5 shows the 
differences in barometric pressure for altitudes ranging from sea 
level to approximately 6,000 feet and how, for example, food ma- 
terials packed at or near sea level would lose in vacuum by over 3 
inches, under identical temperature conditions, when shipped to a 
place 3,000 feet above sea level. This loss would be increased, of 
course, if those shipments were made to hot climates or during the 
summer. 

TABLE 5.—Barometric pressure for different altitudes. 
[Taken from Smithsonian Meteorological Tables, 4th rev. ed., 1918, pp. 136-137.] 
| : | 


Baro- Baro- || Baro- 


Baro- 
2 metric | “= metric . metric ee metric 
Altitude. pres- Altitude. pres- || Altitude. pres- Altitude. pres- 
: sure. | sure. | sure. ; sure. 
REE 61 Ga, a BE Gen on 
0 (sea level)....| 29.90 || 607 feet.........| 29.24 || 1,504 feet?...... 28.29 || 3,998 feet......- 25. 81 
AM FeCh 225. 22 29. 79 IO0TESES. 2.2222 29. 14 || 1,999 feet......- 27.78 || 4,498 feet......- 25. 34 
210 feck. -3 -1— 29:68 | S3i eet =.= al: 2 9 03: el B02 feeie 2 27.27 || 5,006 feet......- 24. 80 
Uae (ee 29.57 || 906 feet......... 28. 92 3,005 fects tes 26.77 || 5,503 feet. .....- 24. 42 
AQ feet 29. 46 | 1,000 feet. ...... | 28.82 || 3,497 feet....... 5,997 feet. =.= = 23. 9& 
505 feet-.--.....] 29.38 || . | | 
} 1] | | } 


While these matters may not be of-great importance it is probable 
that the unfortunate experience of some canners has been due to some 
of these factors or to a combination of them. 


VACUUM STUDIES. 


Vacuum readings obtained in tests—To determine how closely ex- 
perimental results with tin cans would agree with the theoretical 
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figures, to assist in the selection of the best sealing temperatures, and 
to obtain a base line for comparing various food materials, vacuum 
tests were made with No. 2 and No. 3 cans containing 550 and 950 
c. c. of water, respectively, sealed at different temperatures and cooled 
to room temperature. The éxperimental data are shown for the No. 
8 cans in Table 6. Figures for the No. 2 cans are omitted, as they do 
not vary essentially from those of the No. 3 cans except in having a 
slightly greater vacuum, due to greater resistance to external pressure. 


TABLE 6.—Vacuum readings obtained with No. 3 tin cans containing 950 ec. ec. 
of water sealed at different temperatures and cooled. 


| 
Temperatures (° C.). Barometer readings. Vacuum 


reading 

he ‘ | fe (inches of 

‘ ter | At ter mer- 

At sealing. cooling. | sealing. | cooling. | cury). 

| 

Sie. OS jet) 2 See Se ee ee oe eee 164 30.19 30. 43 8. 62 
AN «Sema = gn ot Bi, eee el pr 18 30. 39 30.18 10. 12 
(ICE Seis on ogi SS Eo eS eS See eee ee reno 19 30. 18 30. 16 ell. 75 
Lisl. soleil ie ee a ee ee 20 30. 16 30. 05 13587 
SNE NEP ee lr iN yn nl. Satta cic sibaion sod Woe einen 194 30. 05 30.18 19. 00 


Leading facts developed in comparisons of these findings with the 
theoretical curves show the following: 


(1) At the sealing temperatures of 70° C. and above the vacuums obtained are 
below the theoretical. This is to be expected, of course, inasmuch as the same 
factors which affect recorded pressures, discussed above, are operative here, 
although working in the other direction. That is, contraction takes place instead 
of expansion; the temperatures are lowered instead of increased; the can is 
distorted inward by external pressure instead of outward, etc. 

(2) The higher the sealing temperature the greater the variation from the 
theoretical vacuums. 

(3) In these tests the cans sealed at the lower temperatures show vacuums 
Slightly above their theoretical values. This was found, after examining 
the cans, to be due to permanent distortion of the cans during processing, 
for the vacuum readings were made on the cans employed in the above pressure 
tests which after cooling did not return to their normal shape. If the cans 
are sealed at these temperatures and cooled immediately to the desired temper- 
ature, the vacuum is slightly below the theoretical. 


RATE OF TEMPERATURE CHANGE WITHIN THE CAN. 


From the above statement it is obvious that in order to avoid undue 
strain upon cans, and for other reasons mentioned, the temperature of 
sealing should be considerably above room temperature. The ques- 
_ tion then immediately arises, How will this affect the length of time 
required to secure the proper temperature in the can? To shed light 
upon this matter and to obtain a base line for the comparison of the 
various food substances, tests were made upon the rate of temper- 
ature changes in distilled water. Figure 6 shows the results of these 

70344°—22——3 
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tests, using No. 3 cans sealed at different Beciae es and processed 
at 116° C, , 

The temperature of the retort is reached calls one to one ane one- 
half minutes sooner when the initial temperature is 80° than when it 
is 20° C. A comparison of these curves With similar ones for different 
food substances shown later will be found to be of interest. Cooling 
curves are also shown for the No. 3 can cooled from 116° in water 
at constant temperature to 60° and 20° C., respectively. While, as 
in the heating, the temperature changes within the can take place very 
rapidly, the ee and the = curves are not the exact reverse 


TEMPERATURE IN DEGREES CENTIGRADE 


Time IN MINUTES ~ =~ 


Fic. 6.--Experimental time-temperature curves for distilled water in No. 3 tin cans, 
starting at different uniform temperatures and processed at 116° C. The heating 
curve is shown for a can starting at 20° C. and processed at 100° C.; and curves 
showing the rate of cooling. in waiter at different temperatures. Curve for can start- 
ing: A, At 20° C. and processed at 100° C.; B, at 20° C. and processed at 116° C.; 
C, at 40° C. and processed at 116° C.; D, at 60° C. and processed at 116° C.3; H, at 
80° C. and processed at 116° C.; F, at 100° C. and processed -at-116° C.; G, at 110° 
C. and processed at 116° C.; X, at 116° C. and cooled in water at 60° C.; Ys at-116° 
C. and cooled in water at 20° Cc 


of each other. This is due in part, of course, to the fact that the 
viscosity of water changes with changes in eee As the 
temperature in the can approaches the temperature of the cooling 
bath there is a flattening out of the curve, due in part to the increase 
in viscosity of the water, which is much more marked than in the 
corresponding portion of the heating curve, where the viscosity is 
continuously diminishing and the time required to effect the complete 
change is materially lengthened. 

ene 7 shows the rate of temperature change at the center of a 
quart glass jar with water sealed at Oe temperatures and pro- 
cessed at 100° C. | 


a 


TEMPERATURE CHANGES, ETC., DURING CANNING OPERATIONS. 19 


The effect of initial temperature is easily seen from the curves. 
The temperature of the retort is reached six or seven minutes sooner 
when the initial temperature is 80° C. than when it is 20° C. It is 
apparent, therefore, that the initial temperature is of more signifi- 
cance when canning in glass than when canning in tin in those sub- 
stances where there is free liquid filling the interspaces of the 
product. 

Another matter of much importance is the study of the changes 
in temperature necessary to secure the proper exhaust. When a No. 
2 can of water having an initial temperature of 20° C. is exhausted 
for 1 minute at 100° C. the temperature reaches to about 60° C. A 
No. 3 can reaches about 50° C. The rate of change of temperature 


Fee te 
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Fic. 7.—Experimental time-temperature curves for quart glass jars of distilled water, 
starting at different temperatures and processed at 100° C. Curve for jar starting: 
Besar ie eee eat te40sC. Oy at, 60% C.: D, at 80°"C.; FH, ak, 90° C. 


when exhausted at 100° is shown in figure 6, curve A. The applica- 


tion of these facts to the exhausting of various food substances will 
be considered and illustrated later. 


EXPERIMENTS WITH SPECIFIC FOOD MATERIALS. 
STRING BEANS. 


PRESSURE STUDIES. 


_ The tests upon string beans were carried out as follows: The beans 
were gathered fresh from the field, washed, broken into pieces 1 to 1} 
inches in length, and then blanched in boiling water for four minutes. 
For each one of the tests with the No. 2 can 350 grams of beans were 
used and 220 c. ec. of liquor, which gave approximately normal head 
space. In the case of the No. 3 can, 600 grams of beans and 360 ¢. ¢. 
of liquor were used. 
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Figure 8 shows the pressure curves for the No. 2 ca. when sealed at 
the temperatures of 22° to 244°, 70°, and 80° C. and processed -at 
100°, 116°, and 121° C. Figure 9 shows the same for the No. 3 can. 


PRESSURE IN POUNDS PER SQUARE INCH 


PRESSURE IN POUNDS PER SQUARE INCH 


0 
TIME IN MINUTES 


Fig. 8.—Experimental time 
pressure curves for No. 
2 cans of string beans 
sealed at different uni- 
form temperatures and 


30 
TIME IN MINUTES 


Fig. 9.—Experimental time-pres- 


processed for 1 hour at 
1007 llGeewandel 2 ieee 
350 grams of beans, 220 
ec. c. of liquor. Curve for 
can sealed: A, At 243° 
C. and processed at 100° 
CSB Uy Ghee AES ACh aival 
processed at 116° C.; a’, 
at 22° C. and processed 
ails Cle Becat Oca: 
and processed at 100° C.; 
b, at T0° C. and processed 
yell Coe mi, aE TOS C- 
and processed at 121° C.; 
Coat 2802 AC and: “proc 
essed: at) 1002 -Chs) Gs at 
80° C. and processed at 
nS ACCES 5 Gye TAI OS ain 
processed at 121° ¢. 


sure curves for No. 3 tin cans 
of string beans sealed at dif- 
ferent uniform temperatures 
and processed at 100°, 116°, 
and 121° C., 600 grams of beans, 
360)26..G Of liquor Curve: stor 
ean sealed: A, At 202° C. and 
processed at 100° C.; a, at 30° 
C. and processed at 116° C.; 
a’, at 22° C. and processed at 
OTS Ce SB cate Onan Oman 
processed at 100° C.; 6, at 70° 
Cc. and processed at 116° C.; 
b’, at 70° €. and processed at 
12SEC Ce ae 80m Cand proc 


_cessed at 100° C.; 6, at 80° C. 


and processed at 116° C.; ¢’, 
at .80° CC. and processed at 
Ips OF 


The form of the curves during the first few minutes of the process 
is entirely similar to those for distilled water, and in the case of those 
cans processed at 100° C. the entire curves agree closely. The maxi- 
mum pressures are approached in 15 minutes. Striking differences 
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from the distilled-water curves are noted, however, in the case of 
those curves for cans processed at 116° and 121° C., in which an 
equilibrium is not attained throughout the entire period of the tests. 
Furthermore, these differences are increased with the higher process- 
ing temperatures, the final portion of the curves for cans processed 
at 121° C. being steeper than those for cans processed at 116° 
C. That this has no correlation with the rate of heat penetration is 
shown by the fact that the increase in pressure is continued long after 
the equilibrium of temperature has been reached. Experiments show 
that a temperature equilibrium is reached in string beans in about 
15 minutes in the No. 2 and in 18 to 22 minutes in the No. 3 can. In 
one case during the present tests the pressure continued to increase 
for four hours after the processing was begun, at which time the 
experiment was terminated. 

This seems to indicate that at the higher temperature there is a 
decomposition of the material in the can, with a consequent lbera- 
tion of gases. It was thought that the setting free of hydrogen by 
the action of the food material on the metal of the container, as 
pointed out by Bigelow (1) might explain this result, but compara- 
tive tests, using both plain and enameled cans under these conditions, 
failed to give evidence in support of this view. 

These curves also illustrate how strains are greatly lessened by 
sealing at as high temperatures as practicable, especially when proc- 
essing is to be done at the higher retort temperatures. It will be 
seen that even when cans are sealed at temperatures as high as 
80° C. the pressures obtained are well above the theoretical values. 

The processing period in these tests, except in the single instance 
noted, was 1 hour. This may not conform to regular practice, but 
the maximum pressures for any period less than this will be shown on 
these curves, for when the steam in the retort is cut off the pressure 
in the can begins to fall almost immediately. 

The actual strain on the can at any time during the process may be 
found by subtracting the retort pressure from the pressure indicated 
for that time in the curve. When the retort pressure is released, 
however, the strain on the can is greatly increased. If a complete 
release of pressure in the retort should be effected instantaneously 
the full pressure indicated would be felt, but the gradual decline in 
retort pressure in practice favors the can somewhat. The greatest 


_ strain occurs when the pressure in the retort reaches zero, but at this 


point the strain is, however, only 3 to 5 pounds, or (in some cases 
more than this) less than the maximum pressure indicated in ‘the 
curve. ‘The extent of this variation from indicated pressures is de- 
pendent upon the temperature of sealing, the processing temperature, 
the nature of the material, the amount of bulging of the can, and the 
rate of release of pressure in the retort. When processing is done at 
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100° C. there is no retort pressure to counterbalance that of the can, 
and consequently the pressures indicated represent actual strains on 
the cans. 

Sharp breaks and occasional irregularities in the form of the 
curves are due to sudden bulging and gradual distortion of the cans. 
‘Small variations due to Pee in the resistance of indivi vidual 


cans are to be noted. 
VACUUM STUDIES. 


Vacuum tests were made upon the cans used in the pressure tests 
recorded here by cooling the cans to about room temperature and 


then reading the vacuum with the mercury manometer, as previously 


described. Table 7 shows the results obtained for the No. 2 cans. 
Figures for the No. 3 cans are omitted, as, aside from showing a 
slightly smaller vacuum, due primarily to the lesser resistance of the 
larger can to external pressure, they are similar. 


TABLE 7.—Vacuum tests with string beans. 


Temperatures (° ©.). ; Barometer reading. 
Vacuum 
(inches 
; Process- | After At After of mer- 
Sealing. ing. | cooling. | sealing. | cooling. | CUrY)- 


100 203 29. 89 29. 86 12% 


( (| Semcon ieh aes eee ar Cia che eee gine Ohana Sei teeta 116 192 29. 86 29. 86 113 
121 182 29. 86 30.05 112 
100 223 29.86 | 29.82 153. 

RIN siti terete on A Mae ce ts rele ak a Fe cee oe 116 183 30. 05 30. 05 133 
121 19 30. 05 30. 05 1335 


These figures show that experimental vacuums in string beans are 
always below the theoretical and that the higher the processing tem-_ 
perature employed the lower the vacuum obtained. This may 
amount to 2 inches or more. This may be due in part to the pressure 
of air included in the material which is not expelled during the pre- 
liminary blanching and in part to individual differences in cans, but 
it is probably due primarily to the liberation of gases during the 
processing. 

Cans of string beans in lots sealed at 20°, 50°, 60°, (02, 8022502. 
and 100° C. were prepared for vacuum “enfin and for concussion 
tests, but the percentage of leaky cans was so great that the results 
were not considered of sufficient value to present here. 


HEAT PENETRATION. 


From the foregoing discussion of pressures developed in the can 
it is obvious that sealing temperatures well above-room temperatures 
should be employed when canning in tin. It is important, therefore, 
to have a full knowledge as to the temperature changes occurring when 
the initial temperatures are different. Figure 10 shows the effect of 
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different initial temperatures on the rate of temperature change in 
a No. 2 can of string beans packed rather closely and processed at 
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Fic. 10.—Experimental time-temperature curves for No. 2 cans of string beans, starting 
at different uniform temperatures and processed at 116° C. Curve is also shown for 
cooling in water at 25° C. Curve for can starting: A, At 23° C.; B, at 40° C.; C, at 
nee eGo rat iO C,.. Bt, at 80° -C.3 G,:at 90° C.5.., at 100% C.; xX, at 
116° C. and cooled in water at 25° C. 


116° C. The cooling curve for a No. 2 can cooled in water having a 
constant uniform temperature of 25° C. is also given. 
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Fic. 11.—Experimental time-temperature curves for string beans in quart glass jars, 
starting at different uniform temperatures and processed at 100° C. Curve for jar 
marge. A. At 20° ©.: B, at 40° C.; 0, at 60° C.3 D,. at 80° C.5\H, at 90° C. 

In figure 11 aré shown the experimental heat-penetration curves 

for beans in a quart glass jar processed at 100° C. 
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Figure 12 shows curves for a No. 2 can of beans not packed so 
closely as in the test cans of figure 10, but pice £002, CiGee 
and 121° C. 

Figure 13 is the same for a No. 3 can, and in addition the curve 
for cooling in water at the constant apenas of 20° C. is shown. 

A study of the foregoing curves shows that the retort temperature 
is reached only shghtly sooner in the No. 2 can sealed at 80° than in 
the can sealed at 20° C. and that the effect of differences in initial 
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Fic. 12.—Experimental time-temperature curves for No. 2 eans of string 
beans, starting at different uniform temperatures and processed at 
different temperatures. Curve fer can starting: A, At 21° C. and 
processed at 100° C.; a, at 23° C. and processed at 116° C.; a’, at 23° 
C. and processed at 121° C.; C, at 80° €. and processed at 100° C.; 
Gc, at 80° C. and processed at 116° C.; c’, at 80° C. and processed at 
a 2Ao @: 


temperature is more marked when canning in glass than when can- 
ning in tin, since the jar starting at 80° requires six or seven minutes 
less to reach retort temperature than that started at 20° C. 

The differences in the heating curves of cans sealed at the various 
initial temperatures-are of relatively small practical importance in 
substances like string beans and need be considered only when the 
minimum processing periods are employed. This accounts for the 
rather uniform results obtained in some canning practices where the 
initial temperatures vary considerably. It should be remembered, 
however, that the total amount of exposure to heat is somewhat 
ereater with the higher initial temperature. | . 

As previously noted, the time-temperature curves both for the 
heating and the cooling are similar to those for distilled water, and 
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here again is emphasized the fact that the cooling curves are not the 
exact reverse of the heating curves, for the final portion of the cool- 
ing curve is flatter than the corresponding portion of the heating 
curve. No curves for cooling in air are shown here, but tests show 
that it is very much slower than cooling in water. 

PEAS. 


PRESSURE STUDIES, 


Peas used for the pressure tests were shelled, blanched in boiling 
water for four minutes, drained, and then weighed into the test cans. 
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Fic. 13.—Experimental time-temperature curves for string beans in No. 3 tin cans start- 
ing at different uniform temperatures and processed at 100°, 116°, and 121° C. Curve 
is also shown for cooling in water at 20° C. Curve for can starting: A, At 26° C. 
and processed at 100° C.; a, at 26° C. and processed at 116° C.; a’, at 25° C,. and 
processed at 121° C.; CO, at 80° C. and processed at 100° C.; c¢, at 80° C. and processed 
at 116° C.; c’, at 80° C. and processed at 121° C. X, Cooling curve for can starting 
at 116° C. and cooled in water at 20° C. 


For the No. 2 can 400 grams of peas and 170 ¢. ¢. of liquor were used. 
The cans were sealed at the initial uniform temperatures of 20°, 70°, 
and 80° C., respectively, and processed for one hour at 100°, 116°, 
and 121° C. Figure 14 shows the time-pressure curves for these cans, 
together with one curve for unblanched peas sealed at 19° and 
processed at 116° C. 

As in the case of string beans, cans processed at 100° C. approached 
an equilibrium of pressure in a length of time corresponding closely 
to that required to reach a temperature equilibrium, that is about 15 
minutes. At the liigher processing temperatures the continued rise 
in pressure is again noted, though in the case of the cans sealed at 

70344°—22- 4 
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aya 
20° and processed at 116° and 121° C., respectively, the pronounced 
and repeated bulging of the cans masks this effect. The decomposi- 
tion of the material under test, if such is the explanation, is less 
marked than in the string beans, but is 
nevertheless exhibited. 

The relation of blanching to the devel- 
opment of pressures is clearly shown by | 
the comparison of the curves for the 
blanched and the unblanched peas sealed 
at low temperatures and processed at 116° 
C. Approximately 11 pounds greater — 
pressure was developed in the can of un- 
blanched material. 

In the work with peas it has been ob- 
served that the stage of maturity, the 
amount of blanching, and the fullness of 
the can have more or less effect upon the 
pressure developed. The influence of 
these factors is not here illustrated with 
curves, however. | 

The maximum pressures attained dur- 
ing the period of processing used in these 
tests (60 minutes) were slightly below the 
theoretical values, but above those for dis- 
tilled water. 
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Fig. 14.—Experimential time- 


pressure curves for peas in 
No. 2 tin cans sealed at differ- 
ent uniform temperatures and 
processed at 100°, 116°, and 
121° C.; 400 grams of peas, 
170 ec. ec. of liquor. Curve 
for can sealed: A, At 20° C. 
and processed at 100° C.; a, 
at 20° €. and processed at 
11G2S Cee ae atm20- SC and 
processed at 121° C.; a’’, at 
19° C. and processed at 116° 
C., peas unblanched; B, at 
70° C. and processed at 100° 
Co 20S at (0 > © and? proce 
essed) ata el625C. 5 bso te Or 
C. and processed at 121° C.; 
C, at 80° C. and processed 
at 100° C.; c¢, at 80° C. and 
processed at 116° C.; ¢’, at 80° 
C. and processed at 121° C. 


VACUUM STUDIES. 


The vacuum readings made on the cans 
used in the pressure tests gave results en- 
tirely comparable with those for string 
beans. The vacuums obtained were some- 
what below the theoretical values and 
slightly above those for beans. The effect 
at the higher temperatures was again ob- 
served, the reading in the case of the cans 
processed at 116° and 121° C. being lower 
by approximately 2 inches than those proc- 
essed at 100° C. 

Those factors which affect the develop- 
ment of pressure in peas likewise influence 
the vacuum. The amount of blanching, 


the maturity of the peas, the liberation of gases during processing, the 
bulging of cans, and the individual variations in the resistance of 
cans to external pressure all affect the vacuum readings. | | 
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In concussion tests upon cans in lots sealed at the various tem- 
peratures the results were somewhat variable, but differences in the 
resistance of No. 2 cans to denting did not seem to be very marked 
with sealing temperatures up to 70° or 80° C. Above 80° the 
susceptibility to denting became more and more marked and be- 
tween 95° and 100° C. the cans usually collapsed spontaneously. 
The No. 3 cans were more susceptible to denting than the No. 2 
size and their susceptibility became more and more marked above 
75° C. With sealing temperatures between 90° and 95° C. the can 
usually collapsed spontaneously or with very slight pressure. 
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Fig. 15.—Experimental time-temperature curves for peas in No. 2 tin cans, starting at 
different uniform temperatures and processed at 100°, 116°, and 121° C. Curves are 
also given for cooling from different temperatures in water at 24° C. Curve for can 
starting: A, At 26° C. and processed at 100° C.; a, at 20° C. and processed at 116° 
abe rand processed at 121° "Gs "Cs" at. 80° C. and processed at 100° C.; G&G 
at 80° C. and processed at 116° C.; c’, at 80° C. and processed at 121° C.; D, at 
100° C. and processed at 121° €. Cooling curve for can starting: X, At 100° C. and 
cooled in water at 24° C.; Y, at 116° C. and cooled in water at 24° C.; Z, at 121° C. 
and cooled in water at 24° C, 


HEAT PENETRATION. 


The results of experiments on the rate of change of temfperature 
in No. 2 cans of peas having different temperatures are shown in 
figure 15. These show that when cans are sealed at the various 
initial temperatures and processed at the same retort temperatures 


the heat penetration curves closely approach each other in the first 


four or five minutes of the process, and the difference in the length 
of time required to reach’ retort temperature amounts to only two 
or three minutes. The curves do not differ markedly from those for 
distilled water. The rate of temperature change in glass, although 
not shown here, is considerably slower than in the tin and agrees 
closely with that shown for string beans. 


. we 
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From the curves it is obvious that only a short exhaust is necessary 
for peas, two to four minutes being ample if sealing follows imme- 
diately. Emphasis must be laid on prompt sealing, however, as the 
air of the head space cools more rapidly than the material, and unless 
sealing is effected at once abnormal or too high pressures are de- 
veloped during the processing and too low vacuums are obtained on 
cooling. 

The cooling curves are of interest in that they show again how, 
in material like peas, the starch and other substances which are 
cooked out alter the viscosity of the liquor, causing the form of the 
cooling curves when temperatures are reversed to vary considerably 
from that of the heating curves. This is more marked in peas than 
in string beans. The curves also show how’the viscosity 1s increased 


eae 


TEMPERATURE IN DEGREES CENTIGRADE 


TIME IN MINUTES 


Fig. 16.—Experimental time-temperature curves for peas in No. 8 tin cans, starting at 
different uniform temperatures and processed at 100°, 116°, and 121° C. Curve for 
can starting: A, At 24° C. and processed at 100° C.; a, at 243° C. and processed at 
116° C.; a’, at 242° C. and processed at 121° C.; C, at 80° C. and processed at 100° 
C.3 ¢, at 80° C. and processed at 116° C.; ce’, at 80° C. and processed at 121° C. 

by the higher processing temperatures. The viscosity will also be 

affected by the degree of maturity of the peas and the length of the 

processing period. 

Figure 16 shows curves for the No. 3 can and illustrates how, be- 
cause of the rapidity with which temperature changes occur, process- 
ing periods for No. 2 and No. 3 cans need differ but little; that is, 
four or five minutes. 

There are several factors which will make the temperature change 
during processing vary slightly. If in any way a number of peas 
get broken the starch will come out of these more readily and will 
make the rate of change of temperature slightly slower. The more 
mature the peas the greater will be this effect. The proportion of 
peas to liquor will have a small effect also. If the proper quantity 
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of liquor has not been added the rate of change of temperature will 

be slightly slower. These differences are usually insignificant in 

common practice, in so far as such variations affect the length of the 
, - 


processing period. 
TOMATOES. 


PRESSURE STUDIES. 
The tests upon tomatoes varied from those upon other substances 
in that the time-pressure curves were determined after different ex- 
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Fic. 17.—Experimental time- i es hae Sey reli ae 
pressure curves for toma- Fig. 18.—Experimental time-pres- 
toes in No. 2 tin cans, show- sure curves for tomatoes in No. 


ing the effect of different 
periods of exhaust upon 
pressures developed during a 
processing period of 45 min- 


3 tin cans, showing the effect of 
different periods of exhaust upon 
pressures developed eduring the 


utes at 100° C. Curve for processing period of 45 minutes 
can: A, Receiving no ex- at 100° Ci Curve, for. can: As 
haust; B, exhausted for 2 Receiving no exhaust; B, ex- 
minutes at 100° C., before hausted for 2 minutes at 100° C., 
processing; C, exhausted before processing; C, exhausted 
for 4 minutes at 100° C., for 4 minutes at 100° C., before 
before processing; D, ex- processing; D, exhausted for 6 
hausted for 6 minutes at minutes at 100° C., before proc- 
100° C., before processing. essing. 


haust periods. The tomatoes were peeled without scalding and 
weighed directly into the test cans, 550 grams being used in the No. 
2 and 950 in the No. 3 cans. The initial temperature in all cases was 
between 22° and 25° C. The brass attachment was soldered to the 
can, which was then placed in the retort in the usual manner. In 
the case of the can receiving no exhaust, sealing was effected im- 
mediately and the test begun. The processing in all cases was at 100° 
C. In succeeding tests after placing the cans in the retort the steam 
was turned on and as soon as the retort temperature reached 100° 
C. (which was close to 30 to 45 seconds), time was taken and the 
cans exhausted for 2, 4, and 6 minutes, respectively. At the end of 
the exhaust period the can was immediately sealed, as previously de- 
scribed, and the time-pressure figures obtained. 

Figure 17 shows the curves obtained for the No. 2 and figure 18 
those for the No. 3 cans. 
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-The outstanding feature of these curves is the fact that by far 
the greatest reduction in pressure during the 45-minute process period 
occurred as the result of the first two minutes of the exhaust. Inthe — 
case of the No. 2 can this was a reduction of about 7 to 8 pounds 

per square inch during the first two minutes, which was lowered 
~ only about 1.8 pounds further by a 6-minute exhaust. The curves. 
for the No. 3 can show the same thing, except that the maximum 
pressure developed in the can not exhausted was not so great. It 
is obvious that. the temperature of the head space is the greatest 
factor in determining the vacuum and pressure, for the average of 
the can at the end of two minutes could not be high enough to account 
for the low pressure and high vacuum thus obtained. The effective- 
ness of a short exhaust, as in the case of peas, would be realized only 
by immediately sealing, as will be shown later by the results of 
vacuum tests on cans in lots which were exhausted in the steam 
box for the different exhaust periods and then removed and sealed at 
once. 

VACUUM STUDIES. 


The figures for the vacuum obtained in the cans used in the pres- 
_ sure tests which are of interest are presented in Table 8: 


TABLE S—Vacuwuim tests with tomatoes in No. 2 and No. 3 tin cans. 


| Temperature (°C.).| Time (minutes). | Barometer reading. 

: ’ inches 

Sr en Material | atter | psnanst(Lengthof| At Alter ahpolnee 

= at ’ cooling. ‘| process. | sealing. | cooling. HEY) 

24 163 2 45 29. 85 29. 80 15 
NOS2 3s. Bee et re eel 234 alg 4 45 29. 80 29. 7. 163 
23 19 6 45 29. 39 29. 39 173 

: 254 222 2 “45 29. 86 29. 85 15 

NOs 3 Se ee ee eee 20 22 4 45 29. 80 29. 80 15 
| 24 213 6 45 29. 73 29. 39 16 


With the increase in exhaust there is shght increase in vacuum, 
which corresponds well with the figures on pressures, and they are 
found to be fairly high. ; 

The average vacuum readings upon No. 3 cans in lots, exhausted 
for different periods in the steam box and then sealed in the mechani- 
cal sealing machine, were as follows: 


i-minute . exhaust22=-? = Pra LEAS ee ig Se _ 3 inches. 
2-mintte\exharshe so ey aoe ae te a eee 4 inches. 
3-Minute exhaust: 2 2)\o2 sat ey 2 ieee ee 4 inches. 
4-minnte, exhaust)... f- 5.16 Rocke eee er eee 64 inches. 
5-minute exhaust 2.22 ae 5 ae ee eee ee ae eee 8 inches. 


It is seen that these values are considerably below those in which 
the cans were sealed while still in the retort, and they illustrate how 
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the temperature of the head space at the time of sealing affects the 
vacuum. In this case the head space cooled considerably during the 
few seconds required to transfer the cans from the exhaust box to the 
sealing machine. 

HEAT PENETRATION, 

Figure 19 shows the experimental time-temperature curves for 
tomatoes in No. 2 cans starting at the initial temperature of 30° C. 
and processed at 100° for 20, 25, 80, and 35 minutes and then cooled 
in the air at room temperature, or about 20° C. 

Though the cans were removed from the retort to the air, the tem- 
perature continued to rise for 25 to 30 minutes in the can processed for 
20 minutes, and in the can processed for 35 minutes the rise continued 
for 20. to 25 minutes. If we assume sterilization processes to begin at 
80° C., it will be seen that in the cans processed for 20 and 25 minutes 
the tomatoes at the 
center of the cans did 
not reach the steriliz- 
ing point at any time 
during the process. 
When processed 30 
minutes the tempera- 
ture remained above 
80° C. for 25 to 30 


minutes and when proc- 
Eee desaivirmtniestdesn, “P1519. Sivequpenin cine tenperatare cures for tombe 
about 45 minutes. ture of 30° C., processed for 20, 25, 30, and 35 min- 

These curves ropre- — wer tt 100" G, std then cole In al at oan 
sent the averages for a were taken from the retort. Curve for can processed: 
number of tests. Ow- te Salt hae seat eg 25 minutes; C, for 30 min- 
ing to differences in 
maturity, difficulty in preparing uniform packs, and other factors, the 
time-temperature curves for tomatoes are found to be quite variable. 
It is believed, however, that the average conditions are fairly accu- 
rately illustrated by the above curves. 

These curves show how very limited in usefulness is a time-tempera- 
ture curve established under conditions that carry it entirely to the 
temperature of the retort. It gives very little idea of what temper- 
ature will be reached when processed for a definite time shorter than 
the time necessary to carry the center of the can to the temperature 


of the retort. 
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CORN. 


PRESSURE STUDIES. 
The corn used in these tests was gathered in prime table condition 


fresh from the field, husked and silked in the usual manner and cut 
from the cob “ Maine style.” It was then weighed and liquor added 


52 


to give the proportion of corn to liquor of 4to 1. 
es over steam with constant eee 
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Fie. 
No. 2 tin cans, sealed at different uniform temperatures © 


pansion of the air of the head space. 
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20.—Experimental time-pressure curves for corn in 
and processed for 2 hours at 100°, 116°, and 121° C. 
Prepared ‘“‘ Maine style’’; 550 grams of material used. 
Proportion of corn to liquor, 4:1. Curve for corn: A, 
Precooked at 100° C., sealed at 244° C., and processed at 
100° C.; a, precooked to 100° C., sealed at 244° C., and 
processed at 116° C.; a’, precooked to 100° C., sealed at 
244° C., and processed at 121° C.; B, precooked to 80° 
C., sealed-at 70° C., and processed at 100° C.; 06, pre- 
cooked to 80° C., sealed at 70° C.,-and processed at 
116° C.; 6b’, precocked tc 80° C., sealed at 70° C., and 
processed at 121° C.; U, precooked to 80° C., sealed at 
80° C., and processed at 100° C.; ¢, precooked to 80° 
C., sealed at 80° C., and processed at 116°-£.; ec’, pre 
cooked to 80° C., sealed at 80° C., and processed at 121° 
C.; X, with no precooking, sealed at 20° C., and proc- 
essed at 100° C.; z, with no precooking, sealed at 243° 
C., and processed at 116° C.; 2’, with no precooking, 
sealed at 244° C., and processed at 121° C. © 
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The corn was then 
until the temperature 
reached 80° 
was then weighed into 
the No. 2 test cans, 
550 grams being used 


in each case, brought 


to the desired uni- 
form temperatures, 
sealed, the tests im- 


mediately begun, and 


the time-pressure 
curves determined. 
This procedure held 
for those cans sealed 
at. (O° sand S0raee: 
The procedure was 


the same with the 


cans sealed at 20° to 
244° C., except that 
in one set of experi- 
ments the corn was 
precooked to 100° and 
in the other the corn 
was placed in the test 
cans without any pre- 
cooking at all. Proc- 
essing in all cases was 
for 120 minutes or 
thereabouts at the re- 
tort. temperatures of 
10025 AG and, cio 
C., respectively. Fig- 
ure 20 shows the 
curves obtained in 
these tests. 

These curves dem- 
onstrate the following 
facts: 

(1) The pressure rises 
almost immediately to 
a high point when the 


steam is turned on, as a 
result of the sudden ex- 


After the first minute the rise is more grad- 


ual, the rate corresponding largely to the rate of temperature change in the corn. 
(2) Relatively low pressures are obtained when the higher sealing temper- 
atures are employed. 


Ges 
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(8) Great pressures are developed when the corn is not precooked, owing 
to the swelling of the starch and to the included air. 

(4) The continued rise in pressure due to the liberation of gases, while 
shown, is partially masked, for the reason that the temperature at the center 
ef the can did not reach the retort temperature during the processing period. 

(5) The rate of rise in pressure during processing is greater at the higher 
processing temperatures. 

(6) The maximum pressures are all somewhat below the theoretical and 
somewhat (except in the case of those not precooked) above that for water 
alone, in which the pressures are considerably below the theoretical. 


VACUUM STUDIES. 


The vacuum readings on cans used in the tests sealed at 70° and 80° 
C. are shown in Table 9. 


TABLE 9.—Vacuum tests with corn in No. 2 tin cans. 


Temperature (°C.). Barometer readings. 


Vacuum 
prec of mer- 
Sealin Proc- After |(minutes.) At After cury) 
E- essing. | cooling. sealing. | cooling. y 

100 223 120 30. 05 29. 99 12 
DSR SPs nh tn a a ereiniacie tia Sialois SelelS e/a wes pie 116 25 110 29. 99 29. 86 9% 
121 174 121 30. 08 29. 92 QZ 
80 100 29 140 29.56 29.62 153 
pf SSIS A eT he Ache aa th a 116 243 120 29. 99 30. 01 134 

- 121 244 120 30. 01 30. 05 13 


As in tests upon other materials the higher the processing tem- 
perature the lower the vacuum, owing to the liberation of gases dur- 
ing processing. Repeated experiments have shown that for the same 
reason the longer the processing period the smaller the vacuum. All 
results are below the theoretical figures. 

Vacuum readings with corn in No. 2 cans sealed in lots at various 
temperatures and processed intermittently for 14 hours at 100° C. 
gave the figures shown in Table 10. . 

Concussion tests with corn prepared as in these vacuum tests showed 
that the susceptibility to denting gradually increased with the rise of 
sealing temperature. The figures obtained are also shown in Table 10. 


TABLE 10.—Vacuum readings and concussion tests with corn in No. 2 tin cans. 


| Vacuum Fall of 
Sealing temperature (°C.). (inches of | weighted 
mercury). | can (cm.). 
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These figures seem to indicate that sealing at initial temperatures 
as high as 85° C., or even higher, may be practiced without great | 
danger of serious Achtung or collapsing of No. 2 tin cans. q 

Various influences tend to affect the results in individual cans— 
. the weight of the tin plate from which they are made, the perfection 
in form, etc. The data shown in Table 10 represent an average for. 
one lot of cans and are given for what they are worth. | 


HEAT PENETRATION. 

The time-temperature relation for a No. 2 can of corn started at 
various initial temperatures, processed for various lengths of time. 
under different retort conditions, and cooled in air and in water are 
given below. 
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Fig. 21.—Experimental time-temperature curves for ‘‘ Maine style”’ corn in No. 2 tin 
cans, starting at different uniform temperatures and processed at 116° C. Proportion 
of corn to liquor, 4:1. Curves are also given for cooling in air at 26° C. and for 
cooling in water at 20° C., one curve of which is for corn of heavier consistency. 
Curves for can’ starting =-A5° At 26° €.3-B; at 404° C3 C, at-=50° -€.; D> at Gi°'C.; 
BH, at 70° C.;.F, at 80° C..3.G, at 9024°--C.; HA, at-100°_ €.; X, at 116° C: and; cooled 4a 
air at 26° C.; Y, at 116° C. and cooled in water at 20° C.; Z, at 116° C. and cooled 
in water at 20° othe SOnsisten cy of the corn being Teas than that represented 
in curve Y. 


Figure 21 gives the experimental heat-penetration curves for No. 
2 cans of corn starting at various temperatures and processed at 
GAC: 

These show how differences in initial temperatures: modify the 
form of the time-temperature curve. Theoretically, the temperature 
at the center of the can should reach the temperature of the retort in 
the same time for any_initial temperature, but in these tests the cans 
starting at the higher initial temperature actually reached the tem- 
perature of the retort in a slightly shorter time. This would seem to 
be due to some convection occurring in corn of this consistency. | 

Thompson (9) has given a formula by means of which from a 
single experimentally d>termined heat-penetration curve one may 
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calculate corresponding curves for the different initial temperatures. 


A series of curves calculated by means of this formula, using one of 
the above experimental curves, will be found to agree closely with 
the other experimental curves starting at different initial tempera- 
tures. The formula is valuable in calculating curves of this sort in 
that it saves much time and labor. 

Figure 21 also shows experimental curves for cooling both in air 
and in water. Attention is directed to the very slow rate of cooling 
in air as compared with that of cooling in water. The form of the 
curves for cans cooled in water are of special interest. In the case 
where the proportion of corn to liquor is the same as in the heating 
curve (that is, 4 to 1) the temperature falls very rapidly at first, 
but later the form of the curve becomes more regular and eventually 
coincides with the second curve. 

In the corn of heavy consistency the lag at the beginning 1 Is greater, 
and the temperature falls more slowly. If the head space in the corn 
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Fic. 22.—Experimental’ time-temperature curves for ‘‘ Maine style”? corn in No. 2 tin 


cans, Starting at a uniform temperature of 80° C.; processed for different time periods 
at 116° C.; and cooled in air at ordinary room temperature. Proportion of corn to 
liquor, 4:1. The arrows indicate when cans were removed from the retort. Curve 
for can processed : A, For 30 minutes ; B, for 45 minutes; C, for 60 minutes; D, for 
90 minutes, 


of heavy consistency is increased, the cooling will be faster and the 
curve will resemble closely that for the can of corn having a normal 
consistency. At temperatures above 100° C. and where the head 
space permits there. seems to occur a condensation of steam in the 
head space, resulting in a simple sort of distillation which quickly 
reduces the temperature below the boiling point of water. The re- 
duction of the pressure in the head space causes ebullition and a con- 
sequent stirring of the material, resulting in a rapid fall of tem- 
perature. 

These results emphasize again the ct that cooling curves for 
food materials are practically never the exact reverse ae the heating 
curves, even when temperatures of the surrounding medium are re-" - 
versed. 

Figure 22 shows experimental curves for No. 2 cans of corn sealed 
at 80° C. and processed at 116° for 30, 45, 60, and 90 minutes and 


then cooled in the air at 20° to 25° C. 
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These curves represent individual tests and hence probably vary 
somewhat from the average. They show how the temperature at the 


center of the can continues to rise after taking from the retort for 


from 5 minutes in the case of the can processed for 90 minutes to 15 
. minutes in the can processed for 30 minutes. They show, further, 


the length of time the corn remains above critical temperatures for 


sterilizing purposes. For instance, the temperature is seen to remain 
above 100° C. for 20 minutes when the processing is continued for 
30 minutes and remains above 100° C. for 95 minutes when processed 
for 90 minutes. These values obviously would be different for curves 
starting at different initial temperatures. The curves give a definite 
idea, however, of the rate and the nature of the temperature changes 
when corn 1s eed for various periods and then air cooled. They 


in value such curves as 
are illustrated in figure 
21 may be, for they area 
record of a continuous 
- processing at a definite 
temperature until the 
temperature of the can 
zo reaches the temperature 
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Fig. 23.—Experimental time-temperature curves for : s 
‘‘Maine style’’ corn in No. 2 tin cans, starting at a with corn in actual 
uniform temperature of 80° C., processed for different . i : 
periods of time at 116° C., and cooled in water at practice the jBEU Cos E s 
about 25° C. Proportion of corn to liquor, 4:1. The period 1s less than the 
arrows indicate when cans were taken from the retort 
and put into water. Curve for can processed: A, 
For 30 minutes; B, for 45 minutes; C, for 60 min- can to reach the tem- 


utes; D, for 70 minutes; H,-for 90 minutes. perature of the retort, 
curves such as are shown in figure 21 give an actual record only so 
long as the can is in the retort, but tell nothing beyond that point. 
It is important to have a record of the temperature after the can is 
removed from the retort, which can be obtained best from curves 
made under conditions of actual practice. Since the behavior of the 
temperature of the contents of the can after removal from the retort 


varies with the processing period and with the cooling conditions, it | 
makes the calculation of the record of one processing from another 


of a different length very difficult. 

Figure 23 shows the time temperature curves for No. 2 cans of corn 
starting at 80° C.; processed at 116° for 30, 45, 60, 70, and 90 minutes, 
and then cooled in water. 

When the cans are removed from the retort and placed in cold 
water the rise in temperature is almost immediately stopped and the. 
cooling curves drop rapidly. In corn, therefore, when the cans are 


show how very limited — 


of the retort. Since | 


time necessary for the 
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cooled in water the maximum temperatures are usually reached at 
the time wher the cans are placed in the water. When cooling 
immediately in water is practiced one is able to control rather 
definitely the amount of cooking the corn will receive unless it is 
of very heavy consistency, when curves such as those shown in figure 
21 may be of very much value. 

The curves show that when the can is started at 80° C. and processed 
for 30 minutes at 116° the center of the can of corn never reaches 
100° C. when cooled 
in water. When proc- 
essed for 45 minutes it 
remains above 100° C. 
about 13 minutes, about 
30 minutes when proc- 
essed for 60 minutes, 
about 42 minutes when 
processed for 70 min- 
utes, and about 60 min- 


° a0 30 60 
utes when processed 90 Tea 


minutes. It remained Fic. 24.—Experimental time-temperature curves for 
“Maine style’’ corn in No. 2 tin cans, starting at a 

as ° 
above 110 C. for about uniform temperature of 80° C., processed for different 
15 minutes when proc- time periods at 121° C., and cooled in water at 23° 
ee i Z to 26° C. Proportion of corn to liquor, 4:1. The 
essec or 70 minutes, arrows indicate the time when cans were removed 


and for approximately from the retort and placed in water. Curve for can 
: processed: A, For 30 minutes; B, for 45 minutes; C, 
35 minutes when proc- 


for 60 minutes; D, for 90 minutes. 
essed for 90 minutes. 

Differences in initial temperatures and in the consistency of the 
corn, of course, would vary these figures. 

Figure 24 shows similar curves for corn handled in the same way 
as in the above tests, except that the retort temperature of 121° C. 
was employed. 

In the discussion of results obtained with string beans and peas the 
relationship of the time-temperature and the time-pressure curves 
was pointed out. In comparing the time-pressure and time-tempera- 
ture curves in sweet corn it is seen that the pressure rises very rapidly 
during the first minute or two of the processing period, owing to the 
heating of the head space. On the other hand, the temperature at 
the center of the can is still little changed, and the heat certainly has 
penetrated only slightly into the material. After several minutes, 
however, the pressure rises more gradually, corresponding closely to 
the rate at which the heat penetrates into the material. It does not 
correspond exactly to this, however, for there is a continuous rise of 
pressure so long as the processing is continued, this being more pro- 
nounced with the higher processing temperatures. 
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SWEET POTATOES. 


PRESSURE STUDIES. be 


Tn the tests upon sweet potatoes the material used was in the form 
of “pie stock,” prepared by washing the potatoes, steaming until 
’ done, peeling, and then passing them through a food chopper to give 
a uniform consistency. The material was then weighed into the test 
cans, 600 grams being used in the No. 2 and 1,000 grams in the No. 3 

can. After the can 

roa ea and contents were 
brought to a uniform 

desired temperature, 

the tests were per- 

formed in the usual 

way. Figure 25 

shows the time-pres- 

sure curves for sweet 

potatoes in No, 2 cans 
sealed at the initial 

temperatures of 25° 

(0°, and 8097 and 


i Er“ i, ino Beef ToT on ab al processed for 120 
{foe minutes at 116° C., 
pf ca an eee rea ues and figure 26 shows 
WV eVholc of so] leeamatos tet [teed | the curves for No. 3 

A oe Se eee Saleen cans tested in the 
| 2 


The outstanding 


pee ee ee 


’ | _ for sweet potatoes are 


50 60 7 
TOME WA MINUTES much the same as for 
Fig. 25. ans bareaeatal time-pressure curves for sweet pota- 

toes in the form of pie stock in No. 2 tin cans, sealed sweet COPS 
at different uniform temperatures and processed for 2 The initial sudden 
hours at 100° C., 116° C., and 121° C. Curve for can . = = 
sealed: A, At 25° C. and processed at 100° C.; a, at 25° HeSe ts ie Swe. does 
C. and processed at 116° C.; a’, at 25° C. and processed not reach sO high a 
at 121° C.; B, at 70° C. and processed at 100° C.; b, at : . : 
70° C. and processed at 116° C.; 6’, at 70° C. and proc- point are the Corr: 
essed at 121° C.;.C, at 80° C. and processed at 100° C.; OWING to smaller 
C; at 80° C. and processed at 116° Cs G5 at 80° C. and head space. That 
processed at 121° C. 
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this sudden rise is 
due to the expansion of the air of the head space is clearly shown 
by the fact that the curves following this initial rise begin their more 
gradual ascent at approximately the same point, later diverging ac- 
cording to the sealing temperature employed. 
The rise in pressure continues throughout the processing period, 
corresponding in some degree to the rate of temperature change 
within the can, but not due entirely to this. The pitch of the curves 
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during this latter half of the processing period indicates that some 
influence other than increase of internal temperature is in operation. 
That this is the case is shown in the vacuum figures given later. 
The maximum pressures attained vary in both directions from the 
theoretical, some being higher and others lower. The variable factors 
of sudden bulging and gradual distention of the cans, liberation of 
gases, etc., contribute to this result and account for it. The swell- 


ing of the starch can 
bavay ecomt tor TT TT TTT TTT 


32 


any increase in pres- 
sure, as the material » 
was well cooked be- x 
fore it was put into 
the cans. 

The processing pe- 
riod used in these ,” 
tests is longer for the 
higher temperatures 
than is commonly em- 
ployed, but the maxi- 
mum pressures for 
any period of 120 
minutes or less will 
be shown on_ these 
curves, for when the 
steam in the retort is 
cut off the pressures 
fall almost immedi- 


ately. TIME are MINUTES 


° ° Fic, 26.—Experimental time-pressure curves for sweet pota- 

As pointed out in toes in the form of pie stock in No. 3 tin cans, 
considering the re- sealed at different uniform temperatures and processed 
. for 2 hours at 100°, 116°, and 121° C. Curve for can 

sults on string beans, sealed: A, At 25° C. and processed at 100° C.; a, at 
the actual strain on 25° C. and processed at 116° C.; a’, at 25° C. and proc- 
: essed at 121° €C.; B, at 70° C. and processed at 100° C.; 

cane at any time dur- b, at 70° C. and processed at 116° C.; b’, at 70° C. and 
ing the process may processed at 121° C.; C, at 80° C. and processed at 


be found by subtract- 209,056, 80" Sand proceed at 110" 0. ea 
ing the retort pres- 

sure from the pressure indicated for that time in the curve. 
The strain on the can is greatly increased when the retort 
pressure is released, but the greatest strain is felt when the pres- 
sure in the retort reaches zero. This amounts to only about 3 to 
5 pounds less than the maximum pressure indicated in the curves, 
depending upon the temperature of sealing, the processing tempera- 
ture, the bulging of cans, the rate of release of retort pressure, etc. 
If the retort pressure should be completely released instantaneously 
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the full maximum strains indicated in the curves would be exerted 
on the cans from within, but the gradual release of pressure allows 
some lessening from the maximum strain indicated. When the proc- 
essing is done at 100° C. the maximum pressures indicated in the 
eurves represent the actual strains on the cans. These curves illus- 
trate again the necessity of sealing at relatively high temperatures. 


e 


VACUUM STUDIES. 


Table 11 presents the results of vacuum readings on the No. 3 cans’ 


sealed at 70° and 80° C. used in the above tests when cooled to room 
temperature. 


TABLE 11.—Vacuum tests with sweet potatoes in No. 3 tin cans. 


Te ture (°C.). Barometer readings. 
mperaiare 2) Process- 5 Vacuum 
ing period 5 ee] ices 
ase, Proc- After eae At Atiers | oUses 
pealits. essing. | cooling. utes). sealing. | cooling. cury). 
100 103 120 30. 30 30.17 13} 
TAGE SSA oi UI rd Oa Pe cee OE ass 116 74 120 30. 25 30.19 11 
121 133 120 29.77 29. 89 103. 
100 16 120 29. 98 29. 86 14 
po paralysis RO OCC ON oe SEE ind, 116 9 120 29. 87 30. 29 134 
9 


| 121 12 120 30. 29 30. 45 


The figures in Table 11 do not differ essentially from those ob- 
tained with corn. They are below the theoretical, and there is the 
decrease of vacuum with the higher processing temperatures. 

Concussion tests, as described under methods and apparatus, though 
not altogether satisfactory in point of uniformity of results, show 


that there is a relation between the vacuum and the susceptibility of | 


the can to bruising in handling. The figures seem to indicate that in 
ordinary practice No. 2 cans may be safely sealed at as high as 85° 
C. Above 90° they are quite readily dented, and they usually col- 
lapse spontaneously when sealed between 95° and 100° C. Tests for 
the No. 3 cans show that they are much more easily bruised than the 
No. 2 cans where the vacuum is equal in the two cases. The results 
seem to indicate that it is scarcely safe to seal No. 3 cans very much 
above 80° C. Bruising occurs rather readily abowe 85° and the cans 
may collapse spontaneously at 90° C. or above, depending upon their 


strength. 


HEAT PENETRATION. 


The material used for the time-temperature studies in sweet pota- 
toes was prepared in the same manner as that used in the foregoing 
experiments on pressure and vacuum. ‘The rates of temperature 
changes in No. 2 cans of sweet potatoes, starting at different tem- 
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peratures and processed at 116° C., are shown in fieure 27. Experi- 
mental curves for cooling both in air and in water are likewise given. 

The heating curves are similar to those for corn, though there is a 
greater lag at the start and the temperature reached in a given unit 
of time is materially lower than in the corn. In other words, as has 
been previously shown, the rate of temperature change is slower in 
sweet potatoes than in corn, as erdinarily handled. Regardless of 
initial temperature, the temperature of the retort is reached in the 
same time. 
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Fic. 27.—Experimental time-temperature curves for sweet potatoes in the form of pie 
stock in No. 2 tin cans, starting at different uniform temperatures and processed at 
116° C. Curves are given also for cooling in air and in water at 26° C. <A curve 
showing the effect of differences in head space upon the rate of cooling in water is 
included. Curve for can starting: A, At 253° C.; B, at 40° C.; C, at 51° C.; D, at 
wie teeter On, i at O° C.s G, at 90° C.; X, at 116° C. and cooled in air at 
46° .-C.'3 Y, at 116° C. and cooled in water at 26° C., head space very small; Z, at 116° C, 
and cooled in water at 26° C., head space three-cishths of an inch. 


Here, also, as in the case of the curves for corn, the formula 
given by Thompson (9) for the calculation of curves for different 
initial temperatures from a single experimental curve is applicable, 
and the formula given by Bigelow and his collaborators for calcu- 
lating curves for cans of different sizes may be made use of in time- 
temperature studies with sweet potatoes. 

As has been pointed out in the consideration of time-temperature 
relations in corn, curves which require a longer time to reach retort 
temperature than that necessary to effect sterilization of the product 
are not safe guides in the determination of proper processing 
periods, inasmuch as when cooled in air and, in the case of sweet 
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potatoes, also when cooled in water, there is a continued rise of 
temperature at the center of the can for an indefinite period. 
Accurate information for this purpose must be obtained by pro- 
cessing for different periods and cooling in air and water, for 
which purpose the formulas of Thompson and of Bigelow are 
scarcely applicable. | 
The cooling curves are of interest in that they illustrate clearly 
the desirability of cooling cans of sweet potatoes in water. Owing 
to the high percentage of sugar in the sweet potato, caramelization. 
is very pronounced when the processing temperatures are long con- 


tinued, and it is desirable, therefore, that the processing period be: 


carefully controlled. Air cooling, as shown by the curves, results: 
in a slow fall of temperature, and the cooking is long continued. 
It must be rememered, however, that in slow cooling the sterilizing 
effect is continued for a longer period. How promptly the tempera- 


ture falls when. the can is cooled in water is illustrated by the other 


cooling curves. 
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Fic. 28.—Experimental time-temperature curves for sweet potatoes in the form of pie 

stock in No. 2 tin cans, starting at a uniform temperature of 70° C., processed for 

different time periods at 116° C., and cooled in air at ordinary room temperature. 
._ The arrows indicate when the cans were removed from the retort. Curve for can 

processed: A, For 30 minutes; B, for 45 minutes; C, for 60 minutes: D, for 75 

minutes; #, for 90 minutes. d 

Special attention is directed to the form of the curves for water 
cooling during the first 15 minutes. In the one case the curve is 
quite regular, while in the other there is a sudden drop in the curve, 
which later becomes more regular and eventually coincides with the 
first. The only difference in the conditions under which these tests 
were performed was that in the first case the can had a very small 
head space, while in the other a head space of about three-eighths of 
an inch was allowed. A similar condition was pointed out in the 
discussion on the cooling curves for corn where, also, the consistency 
was shown to be a factor. Owing to the heavy consistency and the 
necessity of filling the can almost completely, the cooling curves of 
sweet potatoes are more nearly the exact opposite of the heating 
curves than in any other substance tested. . 

in figure 28 are shown the experimental time-temperature curves 
for No. 2 cans of sweet potatoes, starting from a uniform initial tem- 


Te ie 


Seite Mes 
5a ie a a a i re 


ee 


. , eeoile ae 
ruse pra: sates oda * ieee os © ae 


Di cin 


TEMPERATURE CHANGES, ETC., DURING CANNING OPERATIONS. 43 


perature of 70° C., processed at 116° for 30, 45, 60, 75, and 90 
minutes, and then cooled in air at 26° C. 

In the can processed for 30 minutes the temperature continues to 
rise for 20 minutes. A gradual reduction in the time during which 
the succeeding curves continued to rise is noted, the can processed 
for 90 minutes continuing only 5 minutes. In 30 minutes of process- 
ing the can did not reach 100° C. When air cooled the can processed 
for 45 minutes remained above 100° C. for 30 minutes; when proc- 
essed for 60 minutes it remained above that point for a little over 50 
minutes; when processed for 75 minutes, for about 70 minutes; and 
when processed for 90 minutes it remained above 100° C. for nearly 


90 minutes. The sig- 
nificance of Hee fig- Fh abate het tem 
“Figwe 29 shows PN 
DS O 
| ALN ARRAN 
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curves obtained under 
like conditions, except 
that the cooling was 
done in water at 17°C. 
It will be noted 
that with sweet pota- —} 

toes, even in wate 
? s Fie. 29.—Experimental time-temperature curves for sweet 
cooling, the tempera- potatoes in the form of pie stock in No. 2 tin cans, 
=e - tarting at a uniform temperature of 70° C., processed 

nti Yl E 

ture srt tinues to Se for different time periods at 116° C., and cooled in 
for a little while, but = water at about 17° C. The arrows indicate when the 
the time is much re- cans were taken from the retort and placed in water. 


Curve for can processed: A, For 30 minutes; B, for 45 
duced over what was minutes; C, for 60 minutes; D, for 75 minutes. 


obtained with air 

cooling. Within the range of these experiments the rise continued 
only from 5 minutes in the case of the can processed for 75 minutes 
to 8 minutes in the can processed for 30 minutes. 

As in the preceding figure, the temperature in the can processed 
for 30 minutes did not reach 100° C, at all; that processed for 45 
minutes remained above 100° C. for about 12 minutes; that processed 
for 60 minutes for about 28 minutes; and that processed for 110 min- 
utes for about 45 minutes. 

Comparing these figures with the figures for air cooling, we find 
that the time during ich cooking continues after 100° C. is reached 
is reduced by 18 minutes in the can processed for 45 minutes and by 
25 minutes in the can processed for 110 minutes. 

How one is able to control the cooking and thus prevent in a 
measure the caramelization of the material by water cooling of the 
cans is clearly illustrated. 

Figure 30 shows the experimental time-temperature relations for 
No. 3 cans of sweet potatoes starting at the initial uniform tempera- 
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ture of 70° C.; processed at 116° C. for 30, 45, 60, 70, and 90 minutes, 
respectively, and then cooled in air. 

The salient differences between these curves and those for No. 2. 
cans lie in the fact that the heat at the center of the No. 3 can con- 
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Gc. 30.—Experimental time-temperature curves for sweet potatoes in the form of pie 
stock in No. 3 tin cans, starting at a uniform temperature of 70° C., processed for 
different time periods at 116° C., and cooled in air at ordinary room temperature. 
The arrows indicate when the cans were-remoyed from the retort. Curve for can 
processed: A, For 30 minutes; B, for 45 minutes; €, for 60 minutes; D, for 70 
minutes; H, for 90 minutes. 


tinues to rise for a longer time than in the No. 2 ean, but the maxi- 
mum temperatures attained are lower and the time the temperature 
remains above 100° C. in the various tests-is materially less. This is 
due, of course, to the very slow rate of temperature changes in the 
sweet potato. The difference in time during which they remain 
above 80° C. is small, being slightly longer in the case of the No. 3 can. 
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c. 31.—Experimental time-temperature curves for sweet potatoes in the form of pie 
stock in No. 3 tin cans, starting at a uniform temperature of 70° C., processed 
for different time periods at 116° C., and cooled in water at 16° to 20° C. The 
arrows indicate when the cans were taken from the retort and placed in water. 
Curve for can processed: A, For 30 minutes. and cooled at 19° C.; B, for 45 minutes 
and cooled at 20° C.; 0, for 60: minutes and cooled at 17° C.; D, for 75 minutes and 
cooled at 19° C.; H, for 99 minutes and cooled at 16° C.; F, for 126 minutes and 
cooled at 18° C. 


Figure 31 shows the experimental curves for water cooling of No. 
cans handled in the same way as the above. 
As in the case of the No. 2 cans handled similarly, the tempera- 


ture continues to rise after the cans are placed in cold water, but 
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the length of time is increased. In water cooling, even when proc- 
essed for 60 minutes, the temperature never reaches 100° C. In ad- 
dition to the facts brought out in the discussion on water-cooled No. 
2 cans, the form of 
the cooling curves 
for No. 3 cans proc- 
essed for the longer 
periods is of inter- 
est as illustrating 
again the effect of 
condensation of 
steam within the 
head space and the 
consequent rapid 
fall of temperature, a a a 


which has been Fig. 32.—Experimental time-temperature curves for sweet 


earlier considered. potatoes in the form of pie stock in No. 2 tin cans, 
Th ° + a starting at different uniform temperatures, processed for 
ese, wit the 45 minutes at 116° C., and cooled in air at ordinary room 


preceding Curves, . temperature. Curve for can starting: A, At 20° C.; 
f t ti Beat 37°) C30; at 50° \C.\ D5 at 603° C+ HB, at 70° C.; 
are of great practi- F,-at 80° C. 
cal value in deter- 
mining the length of the processing period of sweet potatoes. 
Figure 32 shows the experimental curves for sweet potatoes in No. 


2 cans, starting at the different initial temperatures, processed for 
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I'ic. 33.—Experimental time-temperature curves for sweet potatoes in the form of pie 
stock in No. 8 tin cans, starting at different uniform temperatures, processed for 
1 hour at 116° C., and cooled in air at ordinary room temperature. Curve for can 
Rete SC at, ote. Cs) Bat 382° C.3 0, at. 514° C.; D, at 60°. C.: ZH, at 704° C.: 
F, at 80° C. ° 

45 minutes at 116° C., and cooled in air. Figure 33 shows the same 

for the No. 3 can, except that the processing period is 60 minutes. 
These curves show the effect which different initial temperatures 

have upon the maximum temperatures attained during a single 


definite processing period, and they furnish a definite picture of the 
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time-temperature changes which obtain under practical working con- 
ditions. They emphasize again the fact brought out in the earlier 
consideration of this subject that in substances where the processing 
period is shorter than the time required for the center of the can to 
- reach the temperature of the retort, the entire heat penetration 


curves, like those shown in figure 27, are not safe guides for deter-- 


mining the length of the processing period and that the entire cooling 
curves as well do not illustrate working conditions. They show, fur- 
ther, that the maximum temperatures actually attained vary less 
with differences in initial temperature than might be expected from 
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Fic. 34.—Experimental time-temperature curves for sweet potatoes in 
the form of pie stock in No. 2 tin cans, starting at different uni- 
form temperatures, exhausted for different time periods at 100° C., 
processed for 1 hour at 116° C., and cooled in air at ordinary room 
temperature. Curve for can starting: A, At 26° C. and receiving no 
exhaust; B, at 26° C. and exhausted for 5 minutes; C, at 26° C. and 
exhausted for 10 minutes; D, at 26° C. and exhausted for 15 minutes; 
FE, at 52° C. and receiving no exhaust; F, at 52° C. and exhausted 
for 5 minutes; G, at 52° C. and exhausted for 10 minutes; H, at 
52° C. and exhausted for 15 minutes. 2 


the curves in figure 21. Although the entire curve must be given con- 
sideration, certainly the most important part of this curve is when 
itis at its maximum. The fact that the maximum temperatures vary 
so very much less than the initial temperatures helps to explain why 


often such uniform results are obtained where considerable variation 


in initial temperatures exist. For instance, it will be seen, in the case 
of the No. 2 cans, that in cans starting at initial temperatures differ- 
ing as much as 30 degrees, the maximum temperatures reached may 
not vary by more than 4 or 5 degrees, and in the case of the No. 3 
can only slightly more. j 

The actual temperature reached and the length of time the material 
at the center of the can remained above any definite point may be 
readily observed. 
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Curves of this sort would vary in form and in the maximum tem- 
peratures reached, of course, with different retort temperatures and 
with the length of the processing periods. 

In figures 34 and 35 are shown the effect of different exhaust periods 
upon the time-temperature curves for No. 2 and No. 3 cans of sweet 
potatoes sealed at different temperatures, processed for 60 minutes, 
and cooled in air. Exhausting was done in the steam box for 5, 10, 
and 15 minutes at 100° C. | 

The effect of exhaust upon the form of the curves and the maxi- 
mum temperatures reached are clearly shown, and little comment 
is required. It may be pointed out that in the case of the No. 2 cans 
the temperature in all cases went above 100° C.; 15 minutes’ exhaust 
resulted in the temperature remaining above 100° C. for 18 to 20 
minutes longer than in those receiving no exhaust. The maximum 
temperatures varied by 4 or 5 degrees. 
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Fic. 35.—Experimental time-temperature curves for sweet potatoes in the form of pie 
stock in No. 3 tin cans, starting at different uniform temperatures, exhausted for 
different time periods at 100° C., processed for 1 hour at 116° C., and cooled in air 
at ordinary room temperature. Curve for can starting: A, At 26° C. and receiving 
no exhaust; B, at 26° C. and exhausted for 5 minutes; C, at 26° C. and exhausted for 
10 minutes; D, at 26° C. and exhausted for 15 minutes; EZ, at 53° C. and receiving 
no exhaust; F, at 53° C. and exhausted for 5 minutes; G, at 53° C. and exhausted for 
10 minutes; H, at 53° C. and exhausted for 15 minutes. 


It is noted also that the time-temperature curve for the No. 2 can 
starting at 26° C. and exhausted for 15 minutes coincides almost 
exactly with that for the can sealed at 52° with no exhaust. 

As is to be expected, the differences are greater in the case of the 
No. 3 cans. In only three of the cans did the temperature at the 
center of the containers reach 100° C. The maximum temperatures 
reached in cans exhausted for 15 minutes varied from those receiv-. 
ing no exhaust by 4 or 5 degrees, and, as in the case of the No. 2 can, 
the effect of the 15-minute exhaust on the increase in the length of 
time the temperature remained above a definite point amounted to 
18 or 20 minutes. 
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SPINACH. 


Owing to the limited quantity of raw material for use, the data 


upon spinach are incomplete. The figures which were obtained, how- 
ever, are considered of sufficient value to warrant their use, and they 
are theretare presented for what they are worth. 

The spinach was gathered fresh from the field, carefully trimmed, 
washed, and then blanched for two minutes in boiling water. It 
was then placed in the test cans, brought to the required uniform 
temperature, and the 
tests begun. 


PRESSURE TESTS. 


Figure 36 shows the 


tests with spinach in 
No. 2 cans, conducted 
-as- with other food 
materials already de- 
scribed. 

The salient features 


PRESSURE IN POUNDS PER SOUARE INCH 


not differ from those 
shown in the tests 
upon corn. As in 
corn, there is a very 
sudden rise in the 
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Fic. 36.—Experimental time-pressure curves for spinach to the sudden expan- 

in No. 2 tin cans, sealed at different uniform tem- : aD ae 
, - sion of the air in th 

peratures and processed for 2 hours at 116° and poe = = 
121° C. Curve for can sealed: A, At 183° C. and head space, after 
processed at 116° C.; B, at 70° C. and processed at Ta es = 
116° C.; 6, at 70° C. and processed at 121° C.; C, at which the Lee 
Shr C! pad processed at 116° Cie ab. Ouse ane. pressure 1S more erad- 


Bs Sager vos eta ual. The continued 
Increase in pressure is due apparently to the liberation of gases. 
In one case this was found to be still taking place at the end of more 
than three hours.- Only one curve is given for cans sealed at low 
temperatures and none at all for the processing temperature of 100° C. 
That great reduction in pressure is obtained, however, by sealing at 
the higher temperatures is shown. 


VACUUM STUDIES. 


The vacuum tests upon spinach, while incomplete, as in the case — 


of the pressure, bring out the following facts clearly: 


(1) The vacuum obtained by sealing the spinach into the can at the desired 
temperature and then cooling immediately always gives a higher vacuum read- 


curves for pressure 


of these curves do 
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ing than is obtained when the reading is made following processing. In the 
light of the preceding consideration of the liberation of gases during processing, 
this result is to be expected. 

(2) The longer the processing period, the lower the vacuum obtained. 


HEAT PENETRATION, 
Figure 37 shows the heat-penetration curves for No. 2 cans of 


spinach starting at 70° and 80° C., processed for different periods at 
116° and cooled in water. The entire heating curve is also shown 


Tom toe. NO. .2, Cad, . ws (iui 
starting at 20° C. and + |_| 


processed at 116° un- pe 5B: i 
til the retort tempera- ae cs See 
VD SN Ge 
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These curves are 
entirely similar to 
those obtained for 
sweet corn, though 
the rate of tempera- 
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these curves with the Fie. 87.—Experimental time-temperature curves for spin- 


entire curve, starting ach in No. 2 tin cans, starting at different uniform 
at 20° aie it will be temperatures, processed for different time periods at 
: 116° C., and cooled in water at 23° to 24° C. The arrows 
seen that after 60 indicate when the cans were taken from the retort and 
minutes of processing placed in water. A, Entire heat-penetration curve for can 
= starting at 20° C. and processed at 116° C. Curve for can 
the temperature at starting: B, At 70° C. and processed for 80 minutes; BD, at 
the center of the can 70° C, and processed for 45 minutes; b’, at 70° C. and 
: o: processed for 60 minutes; c, at 80° C. and processed for 
starting at 80° is only 45 minutes; ce’, at 80° C. and processed for 60 minutes. 
6 degrees above that 


of the can starting at 20°, and in the case of the can starting at 70° C. 
it is only 4 degrees higher. 

When the can is cooled in water the temperature at the center of 
the can continues to rise for one or two minutes only and then falls 
rapidly. It is obvious, therefore, that here also, as in the case of 
corn and sweet potatoes, the cooking of the material in the can may 
be closely controlled by cooling in water. 


TIME IN MINUTES 


PRESSURE AND VACUUM IN GLASS CONTAINERS. 


The studies upon pressure and vacuum as applied to foods in glass 
have not been completed. As is well known, the development of 
pressures in glass containers is accompanied by danger and _ loss, 
owing to liability to breakage, and this is avoided in present prac- 
tice by partially sealing at first and then completing the sealing oper- 
ation after the processing has been done. The escape of air, while 
nearly or entirely complete in most cases, may be slightly restricted 
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in others, so that small pressures are to be expected. The amount of | 
pressure actually developed will depend, of course, upon the perfec- — 


tion in construction of the container, the thickness and quality of the — 


rubber rings, and the pressure ete by the device holding the cap 
in place. These pressures are practically negligible. 

Investigations upon the resistance of rubber rings and other sealing 
equipment designed for use with glass are receiving attention at the 
hands of the manufacturers of glass containers, and Bitting (6) has 
recently published the partial results of work upon this subject. 

The fact that with some substances an undesirable metallic taste is 


imparted to the food by the tin makes the use of glass containers de-_ || 


sirable; and knowledge of the fact that, with fruits especially, deli- 
cate flavors may be retained in the product by completely sealing the 
jar before processing and then cooking at temperatures below 100° 
C: will doubtless lend impetus to investigations of this sort and result 
in the manufacture of glass containers better suited than those now 
employed for use where pressures are developed. 

On account of their rigidity the pressures and vacuums obtained in 
glass jars hermetically sealed before processing should give figures 
more closely approaching the theoretical values than those obtained 
with tin. Owing to the fact that, in present practice, most, if not all, 
of the air escapes during the processing, the vacuum obtained is close 
to the theoretical value when the jars are sealed immediately at the 
end of the processing period. Unless complete sealing is effected at 
once, however, air is drawn into the jar and the vacuum obtained is 
less, qependine upon the rate of cooling and the length of time 
insane before the jar is sealed. 


| SUMMARY. 


(1) In tin cans containing various quantities of water, changes 
in pressure vary somewhat from the calculated values, owing to the 
distortion of the cam under the changed conditions. 

(2) With water the rate of change of pressure and the rate of 
change of temperature at the center of the can agree closely and are 
very rapid where the external medium is water and very slow where 
the external medium is air. 

(3) With food materials in which a free liquid fills the inter- 
spaces the rate of change of pressure and of temperature is very 
rapid; but while the maximum temperature is reached promptly, 
the maximum pressure, on the other hand, is never reached during 
the ordinary processing periods, the pressure continuing to rise 
slowly as long as the high retort temperatures are maintained. 

(4) In cans filled sel material of heavy consistency, the rate 
of change of temperature at the center of the can is very slow. In 
contrast with this, the rate of change of pressure is very rapid at 
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first and then becomes slower after the first few minutes. An 
equilibrium of pressure apparently is never reached, since in ex- 
periments where processing was continued for several hours the 
pressure continued to rise as long as the retort temperature was 
maintained. 

(5) The continued increase in pressure long after an equilibrium 
of temperature is reached has been explained as due to the decom- 
position of the food material with the consequent liberation of 
gases. The setting free of hydrogen as a result of the action of the 
acids of the material upon the metal of the can would give this 
result, and doubtless it does with some acid fruits, but experiments 
 tvith vegetables seem to indicate that this is not the sole cause of the 
increase in pressure. 

(6) In the heat exhausting of cans the vacuum may not be propor- 
tional to the average temperature of the material at the time of seal- 
ing, but is determined largely by the temperature of the head space. 
Thus, a short exhaust results in a comparatively high vacuum if the 
sealing is done immediately. On the other hand, a long exhaust may be 
very ineffective if the sealing is delayed so that the head space cools. . 

(7) The vacuum developed in tin cans is generally below the 
theoretical, the causes contributing to the variation from theoretical 
values being the distortion of the can, the swelling of colloidal sub- 
stances, and the liberation of gases during processing. Lower vacuums 
are obtained where long processing periods are used and the higher 
retort temperatures are employed. 

(8) The resistance of the can to internal pressure is very much 
greater than its resistance to external pressure ; hence, the vacuum and 
the pressure can not safely be made numerically equal when process- 
ing much above 100° C. In order to reduce the strain due to in- 
ternal pressure during processing, the sealing temperature is made as 
high as is possible without danger of collapse of the can in handling 
when subsequently cooled to normal temperature. The strain upon 
the can during processing is found by subtracting the pressure in the 
retort from that in the can. When the pressure in the retort is re- 
leased the strain upon the can is increased by an amount somewhat 
less than the pressure in the retort, owing to the cooling which occurs 
during the release and to the further distortion of the can. The great- 
est strain upon the can occurs at the time the pressure in the retort 
reaches zero. The strain due to internal pressure is greater the lower 
the sealing temperature and the higher the processing temperature. 

(9) The experimental work herein reported indicates that for most 
vegetables the optimum temperature for the sealing of No. 2 cans is — 
80° to 85°, and for No. 3 cans 75° to 80° C. This would be different, 
obviously, for fruits and other substances having high acidity and 
where the processing temperatures are low. 
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